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1.0 INTRODUCTION  39 

The use of compressed and liquefied gases is commonplace at Fermilab. The introduction of 40 
these materials to the atmosphere can present a hazard.  In particular, persons exposed to 41 
reduced-oxygen atmospheres may experience reduced abilities, unconsciousness, or death. The 42 
purpose of this chapter is to specify requirements for assessing the potential for and controlling 43 
hazards associated with a possible oxygen deficient environment. This chapter does not address 44 
the general topic of confined spaces (see Chapter 4230 and definition of "ODH operation" 45 
below).  46 

This chapter cannot be used in lieu of requirements set forth by other industry standards, such as 47 
described in FESHM Chapter 5035 Mechanical Refrigeration Systems per ASHRAE 15 or 48 
FESHM Chapter 6020.3 addressing storage and usage of flammable gases. However, this chapter 49 
does not preclude concurrent use if hazard assessment deems it necessary 50 

2.0 DEFINITIONS  51 

ALARA (As Low As Reasonably Achievable) - The approach to protection from hazards by 52 
managing and controlling exposure to potential hazards (both individual and collective) to the 53 
work force and to the general public at levels as low as is reasonable, taking into account social, 54 
technical, economic, practical and public policy considerations.  As used in this Manual, 55 
ALARA is not a hazard limit but a process which has the objective of reducing hazards as far 56 
below the applicable limits as is reasonably achievable. 57 

mmHg - a unit of measure of pressure based upon a liquid mercury column.  The pressure 58 
exerted by gravity at the base of a liquid mercury column n mm tall is n mmHg.  59 

ODH Monitor - a device, usually permanently attached to a structure, which monitors the 60 
concentration of oxygen and alarms at a set value.  ODH monitors must be set to alarm at 19.5% 61 
oxygen or higher and can be used to activate other systems. 62 

Operations - activities, which are performed in a specific area or location.  Operations include 63 
simply being in a specific location.  64 

Oxygen concentration - the molar fraction of a gaseous mixture represented by oxygen. For a 65 
mixture of ideal gases, it is also equal to the ratio of the partial pressure of oxygen to the total 66 
mixture pressure. The oxygen concentration in normal ambient atmosphere is 20.9% (~21%).  67 

Oxygen deficiency - any condition under which the partial pressure of atmospheric oxygen is 68 
less than 144 mmHg (about 19.5% by volume at barometric pressure of 740 mmHg at Fermilab). 69 

Oxygen deficient area - any area known to have an oxygen deficiency. 70 

Oxygen deficiency hazard (ODH) operation - an operation which exposes personnel to an 71 
increased risk of fatality in excess of 10-7/hr due to oxygen deficiency. Unlike confined spaces, 72 
ODH work spaces are generally designed for occupancy and provided with normal building-type 73 

https://esh-docdb.fnal.gov:440/cgi-bin/ShowDocument?docid=386
https://esh-docdb.fnal.gov:440/cgi-bin/ShowDocument?docid=374
https://esh-docdb.fnal.gov:440/cgi-bin/ShowDocument?docid=409
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access and egress. In addition, the hazard is primarily limited to oxygen deficiency which is well 74 
understood and controlled through quantitative risk assessment.  75 

Partial pressure - the pressure due to one of several components of a gaseous mixture. For a 76 
mixture of ideal gases, the sum of component partial pressures equals the mixture pressure.  77 

Personal Oxygen Monitor - a device carried by an individual that monitors the concentration of 78 
oxygen and alarms at a set value.  All personal Oxygen Monitors used at Fermilab are set to 79 
alarm at the mandatory confined space limit of 19.5% (see Chapter 4230).  80 

SCBA (Self-Contained Breathing Apparatus) - a device worn by rescue workers, firefighters, and 81 
others to provide breathable air in a hostile environment.  An SCBA typically has three main 82 
components: a high-pressure tank (e.g., 2200 psi to 4500 psi), a pressure regulator, and an 83 
inhalation connection (mouthpiece, mouth mask or face mask), connected together and mounted 84 
to a carrying frame. 85 

Self-Rescue supplied atmosphere respirator (escape pack) - a device containing breathing air to 86 
be used for escape during an ODH event. Such a device normally provides an air supply which 87 
lasts approximately five minutes and is to be used for escape only. 88 

3.0 RESPONSIBILITIES  89 

Division/Section heads or their designees have the responsibility of implementing the 90 
requirements of this chapter. This includes appointment of qualified persons to review, approve, 91 
and maintain documentation for ODH risk assessments under the control of their organizations; 92 
maintain records of reliability of ODH-associated equipment; and maintain records of incidents 93 
which have resulted in an oxygen deficient atmosphere. The risk assessment Engineering Note 94 
shall be placed into Teamcenter.   95 

Division/Section heads or their designees shall certify compliance with this chapter by approving 96 
the risk assessment Engineering Note.  The Teamcenter Workflow may be used to electronically 97 
obtain the required approvals and release the Engineering Note. Alternatively, approvals may 98 
also be obtained by physical signature, scanned, and included with the Engineering Note.  A 99 
Teamcenter Workflow must still be completed so that the Engineering Note is released.  This 100 
workflow need not involve the required approvers in the case of physical signature.   101 

The ESH&Q Section has the responsibility for the purchase and maintenance of personal oxygen 102 
monitors and the provision of standardized warning signs as described in the Technical 103 
Appendix to this document.  In addition,  104 

The Occupational Medical Office is responsible for reviewing the medical fitness of persons who 105 
participate in ODH operations.   106 

The Cryogenic Safety Subcommittee and/or the Mechanical Safety Subcommittee serve 107 
division/section heads and the ESH&Q Section in a consulting capacity on ODH risk assessment 108 
issues.   109 

https://esh-docdb.fnal.gov:440/cgi-bin/ShowDocument?docid=386
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The Industrial Hygiene Group of ESH&Q provides oversight and consulting on the technologies 110 
and procedures for monitoring oxygen deficient atmospheres. 111 

4.0 PROCEDURES  112 

1. A quantitative assessment of the increased risk of fatality from exposure to reduced 113 
atmospheric oxygen shall be conducted for all operations, which are physically capable of 114 
exposing individuals to an oxygen deficiency.  This assessment shall assign an Oxygen 115 
Deficiency Hazard Class to each area with potential risk as well as specify any unusual 116 
precautionary requirements.  The classification of an area can change depending on the 117 
operations being performed.  If conditions and/or activities change in ways that significantly 118 
increase the risk, the associated quantitative assessment must be accordingly revised, 119 
reviewed and approved.  The technical appendix entitled "ODH Risk Assessment" is to be 120 
used in carrying out the assessment.  121 

2. Control measures appropriate to the ODH Class shall be implemented as stated in the risk 122 
assessment and Technical Appendix. ODH Class 0 is the least hazardous. ODH Class 2 is the 123 
most hazardous.  The technical appendix entitled "ODH Control Measures" is to be followed 124 
to control the potential ODH hazard. 125 

3. Equipment at Fermilab shall be designed and installed (engineered) to ensure that areas 126 
intended for human entry during normal operation will be ODH Class 0, ODH Class 1, or 127 
ODH Class 2.  No area intended for human entry during normal operation will be engineered 128 
for an ODH Class higher than 2. For Confined Space requirements (not under the scope of 129 
this chapter), see Chapter 4230. 130 

3.1. If an area cannot be engineered to satisfy requirements leading to an ODH Class of 2 or 131 
lower, the Division/Section Head responsible for the area must submit a written 132 
exception request to the Director or Director’s designee. The request should include a 133 
justification and an evaluation of hazards, procedures, and safety measures. The request 134 
must be approved by the Director or designee before operations contributing to oxygen 135 
deficiency hazards are begun. 136 

4. The ALARA principle shall be applied. Occupancy of areas with oxygen deficiency hazards 137 
should be limited to the extent practical while still allowing work to be performed 138 
expeditiously. Work in such areas should be planned to minimize the duration of occupancy. 139 
Offices should not be located in areas with oxygen deficiency hazards. 140 

5. Divisions/Sections should maintain records of reliability of ODH-associated equipment and 141 
records of ODH alarms that were the result of an oxygen deficient atmosphere.  These data 142 
should be periodically reviewed by the Cryogenic Safety Subcommittee to improve failure 143 
rate estimates such as those included in the Technical Appendix to this chapter. 144 

6. Response to an alarm from a personal oxygen monitor: 145 

6.1. If one person is working alone in an area and his/her personal oxygen monitor alarms, 146 

https://esh-docdb.fnal.gov:440/cgi-bin/ShowDocument?docid=386
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the person must immediately don a self-rescue supplied atmosphere respirator (escape 147 
pack), evacuate the area, and dial 3131 to report an emergency. 148 

6.2. If two or more people are working together in an area and a personal oxygen monitor 149 
alarms, they should compare readings. If other monitors read OK, then everyone must 150 
evacuate the area and solve the problem with the personal oxygen monitor before re-151 
entering. If other monitors confirm low oxygen levels, then everyone must don an escape 152 
pack, evacuate the area, and then dial 3131 to report an emergency. 153 

7. Response to an alarm from an in-place oxygen monitor: 154 

7.1. If one person is working alone in an area and an in-place oxygen monitor alarms, and 155 
his/her personal oxygen monitor reads greater than 19.5%, the person should evacuate 156 
the area going away from the assumed source of the alarm. After exiting, he/she should 157 
notify the operations department responsible for the area of the problem. He/she should 158 
not re-enter until the problem has been solved. If a personal oxygen monitor has alarmed 159 
as well, the procedure of 6.1 should be followed. 160 

7.2. If two or more people are working together, they should compare readings of personal 161 
oxygen monitors. If all personal oxygen monitors read OK, everyone should evacuate 162 
the area going away from the assumed source of the alarm. After evacuating, they should 163 
notify the operations department responsible for the area of the problem. They should 164 
not re-enter the area until the problem has been solved.  If a personal oxygen monitor 165 
confirms low oxygen levels, everyone should don an escape pack, evacuate the area, and 166 
then dial 3131 to report an emergency. 167 

8. Response to other indications of a possible cryogen or gas leak (vapor cloud, sound of gas 168 
leak, etc.): 169 

8.1. If one person is working alone and his/her personal oxygen monitor reads greater than 170 
19.5%, he/she should evacuate the area going away from the assumed source of the 171 
problem. After exiting, he/she should notify the operations department responsible for 172 
the area of the problem. If a personal oxygen monitor has alarmed, he/she must 173 
immediately don a self-rescue supplied atmosphere respirator (escape pack), evacuate 174 
the area, and dial 3131 to report an emergency. 175 

8.2. If two or more people are working together, they should compare personal oxygen 176 
monitor readings. If all are OK, they should all evacuate the area going away from the 177 
assumed source of the problem. After exiting, they should notify the operations 178 
department responsible for the area of the problem. If a personal oxygen monitor has 179 
alarmed, they must immediately don self-rescue supplied atmosphere respirators (escape 180 
packs), evacuate the area, and dial 3131 to report an emergency. 181 

9. Entry into an area with unusual oxygen deficiency hazards: 182 

9.1. Any rescue must be conducted by emergency (Fire Department) personnel.  If an area is 183 
suspected to be oxygen deficient or to present an elevated risk for oxygen deficiency 184 
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hazards, an unexposed observer and the use of SCBA equipment are required. Training 185 
and medical approval are required for the use of SCBA equipment. 186 

9.2. If, for purposes other than rescue, entry must be made into an oxygen deficient area or 187 
an area suspected to present an elevated risk for oxygen deficiency hazards, the 188 
Division/Section Head responsible for the area must submit a written request to the 189 
Director or Director’s designee which includes a justification and outlines hazards, 190 
procedures, and safety measures. The request must be approved by the Director or 191 
designee before entry. 192 

10. In general, ODH evaluation procedures and measures to address hazards in underground 193 
installations are the same as those required for surface installations. However, time of egress 194 
may be longer, inerting gases or cryogenic fluids may accumulate, and rescue operations may 195 
be more difficult. All of these factors must be taken into account in analyses and protective 196 
measures.  197 

10.1. If there are oxygen deficiency hazards and normal entry and egress is by means other 198 
than by foot, at least one egress path to a “safe area” which can be reached by foot 199 
must be provided. The safe area must be free of oxygen deficiency hazards and 200 
remain so during all plausible equipment failures. If the safe area relies upon 201 
ventilation, emergency power must be provided to its ventilation systems. 202 

10.2. The path to the safe area must be adequately marked and illuminated and remain free 203 
of obstructions during plausible ODH incidents. 204 

10.3. A written plan for evacuation of personnel from the safe area to the surface must be 205 
prepared and approved. 206 

5.0 APPLICABLE STANDARDS  207 

American Conference of Governmental Industrial Hygienists (ACGIH) 2005 Threshold Limit 208 
Values (TLVs) for Chemical Substances and Physical Agents & Biological Exposure Indices 209 
(BEIs) – Minimal Oxygen Content  210 
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6.0 TECHNICAL APPENDIX 211 

6.1 ODH Risk Assessment 212 

The ALARA principle is to be applied to all areas with oxygen deficiency hazards. Any area 213 
known to have an oxygen concentration <19.5% is considered to be an oxygen deficient area. All 214 
areas intended for human occupancy at Fermilab shall have an environment or environmental 215 
controls which will normally ensure that the concentration of oxygen remains above19.5%. If an 216 
area contains equipment or sources of inert gas which could lead to a significant decrease in 217 
oxygen concentration, additional measures shall be taken to reduce risk to personnel. The goals 218 
of an ODH risk assessment are to evaluate the level of risk in a given area, to classify the area 219 
based upon the level of risk, that is, to assign an ODH Class to the area, and to specify additional 220 
safety measures to be taken to reduce risks.  221 

The ODH risk assessment shall be documented in Teamcenter, reviewed, and approved as noted 222 
in Chapter 4240 under “Special Responsibilities”. A summary cover page, as given in Technical 223 
Appendix Section 5 shall be used.  224 

The ODH Class is based upon the most severe risk: the likelihood that a fatality will occur. Since 225 
the level of risk is tied to the area and the nature of the operation, the fatality rate shall be 226 
determined on an operation-by-operation basis. For a given area and operation several events 227 
may cause an oxygen deficiency. Each event has an expected rate of occurrence and each 228 
occurrence has an expected probability of causing a fatality. The oxygen deficiency hazard 229 
fatality rate is defined as: 230 

∑
=

=
n

i
ii FP

1
φ  231 

where φ = the ODH fatality rate (per hour), 232 

Pi = the expected rate of the ith event (per hour), and  233 

Fi = the probability of a fatality due to event i.  234 

The summation shall be taken over all events which may cause oxygen deficiency and result in 235 
fatality. When possible, the value of Pi shall be determined by operating experience at Fermilab; 236 
otherwise data from similar systems elsewhere or other relevant values shall be used. Equipment 237 
failure rate estimates are given in Table 1 and Table 2.   238 

Table 1 contains median estimates collected from past ODH risk assessments at Fermilab (see 239 
Technical Appendix Section 3). Table 2 contains values derived from the nuclear power industry 240 
and industrial records. Human error rate estimates are presented in Table 3. 241 

The risk assessment should also consider the benefit of existing active control systems such as 242 
forced ventilation or any supply shut-off valves which are automatically activated by area 243 
monitor readings or system failure indicators. These systems must be designed to be activated 244 
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before the area drops below 19.5% oxygen concentration.  Although such systems or any forced 245 
ventilation system reduces overall risk, they are also subject to failure and this shall be factored 246 
into the risk assessment. This is accomplished by summing the expected failure rate of all 247 
systems and the corresponding fatality factors for when those systems have failed.   For example, 248 
a fan which is triggered by a low oxygen monitor reading may not function properly because of a 249 
power failure, inadequate maintenance, or the monitor's calibration drifting. Therefore, the 250 
probability that these failures will occur and compromise the ventilation system shall be factored 251 
into the overall risk assessment. Also, since the φ calculation for defining ODH hazard is based 252 
on untrained personnel using no special personal protection, the risk assessment must assume 253 
that personnel take no direct action in responding to ODH conditions. For example, φ cannot be 254 
reduced by assuming a person hearing an alarm will exit. 255 

The value of Fi is the probability that a person will die if the ith event occurs. The value depends 256 
on the oxygen concentration. For convenience of calculation, an approximate relationship 257 
between the value of Fi and the lowest attainable oxygen concentration has been developed 258 
(Figure 1). The lowest attainable concentration is used, rather than an average, since that 259 
minimum value is conservative and the time dependence of the concentration is normally not 260 
well known. If the lowest oxygen concentration is greater than 18%, then the value of Fi is zero, 261 
that is, all exposures above 18% are defined to be "safe" and to not contribute to fatality. (Note, 262 
this does not affect alarm set points. Alarms are generated at 19.5% O2 concentration.)  It is 263 
assumed that all exposures to 18% oxygen or lower do contribute to fatality and the value of Fi is 264 
designed to reflect this dependence. If the lowest attainable oxygen concentration is 18%, then 265 
the value of Fi is 10-7. This value would cause φ to be 10-7 per hour if the expected rate of 266 
occurrence of the event were 1 per hour. At decreasing concentrations, the value of Fi should 267 
increase until, at some point, the probability of fatality becomes unity. That point was selected to 268 
be 8.8% oxygen, the concentration at which one minute of consciousness is expected.  269 

This curve applies only to inert gases; for other gases, physiological changes must be 270 
addressed on a case-by-case basis.  271 
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 272 

Figure 1, Fatality Factor  273 
Graph of the logarithm of the fatality factor (Fi) versus the lowest attainable oxygen 274 
concentration which can result from a given event. This relationship should be used when no 275 
better estimate of the probability of fatality from a given event is available. This relationship 276 
assumes inert gas displacing oxygen, with no other physiological influence from the gas itself. 277 
 278 
Table 1, Fermilab Equipment Failure Rate Estimates 279 

System Failure Mode Failure Rate 

Compressor 

(Two-stage Mycom) 

Leak 

Component rupture 

5 x 10-6/hr 

3 x 10-7/hr 

Dewar Loss of vacuum 1 x 10-6/hr 

Electrical Power Failure 

(unplanned) 

Time Rate 

Demand Rate 

Time Off 

1 x 10-4/hr 

3 x 10-4/D 

1 hr 

Fluid Line 

(Cryogenic) 

Leak 

Rupture 

5 x 10-7/hr 

2 x 10-8/hr 

Cryogenic Magnet Rupture 2 x 10-7/hr 
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(Powered, unmanned) 

Cryogenic Magnet 

(Not powered, manned) 

Rupture 2 x 10-8/hr 

Header Piping Assembly Rupture 1 x 10-8/hr 

U-Tube Change 

(Cryogen Release) 

Small Event 

Large Event 

3 x 10-2/D 

1 x 10-3/D 
280 
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Table 2, Equipment Failure Rate Estimates 281 

 282 

   Failure Mode   Median     Source 283 
       Failure 284 
       Rate 285 
 286 
BATTERIES, No output   3x10-6/HR a 287 
POWER (UPC) 288 
SUPPLIES   289 
 290 
CIRCUIT  Failure to Operate  1x10-3/D a 291 
BREAKERS  Premature Transfer  1x10-6/HR a 292 
 293 
DIESEL 294 
(Complete Plant)  Failure to Start on Demand 3x10-2/D a  295 
(Emergency Run Loads) Failure to Run   3x10-3/HR a 296 
(Engine Only)  Failure to Run   3x10-4/HR a 297 
 298 
FANS   Failure to Run  9x10-6/HR i 299 
(fan, motor & starter) Failure to start on demand  see Technical App.4 300 
   Fans with Variable Frequency Drive see footnote k 301 
 302 
FUSES   Premature, Open   1x10-6/HR a 303 
   Failure to Open   1x10-5/D a 304 
 305 
FLANGES       306 
With Reinforced & Leak, 10 mm2 opening  4x10-7/HR c,d 307 
Preformed Gaskets Rupture    1x10-9/HR c,d 308 
 309 
FLANGES 310 
With packing or soft Leak, 10 mm2 opening  4x10-7/HR c,d 311 
gaskets   Packing Blowout   3x10-8/Hr c 312 
   Rupture    1x10-9/HR c,d 313 
 314 
 315 
INSTRUMENTATION Failure to Operate  1x10-6/HR a 316 
   Shifts    3x10-5/HR a 317 
(Amplification 318 
Transducers, 319 
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Calibration, 320 
Combination) 321 
 322 
MOTORIZED LOUVER failure in continuous operation 3x10-7/HR j 323 
   failure to open on demand  See Tech. App. 4 324 
 325 
PIPING   small leak, 10mm2  1x10-9/meter-HR c 326 
    pipes>2”, large leak, 1000mm2 1x10-10/meter-HR c 327 
   Rupture    3x10-11/meter-HR c 328 
 329 
PIPE Welds  small leak, 10mm2  2x10-11*(D/t)/HR c,e 330 
  D=Diameter  pipes>2”, large leak, 1000mm2 2x10-12*(D/t)/HR c,e 331 
  t=wall thickness  Rupture    6x10-13*(D/t)/HR c,e 332 
 333 
PUMPS   Failure to Start   1x10-3/D a 334 
   Failure to Run – Normal  3x10-5/HR a 335 
   Failure to Run - Extreme Env. 1x10-3/HR a 336 
 337 
RELAYS   Failure to Energize  1x10-4/D a 338 
   Failure NO Contact to Close 3x10-7/HR a 339 
   Short Across NO/MC Contact 1x10-8/HR a 340 
   Open NC Contact   1x10-7/HR a 341 
 342 
SOLID STATE DEVICES 343 
HI PWR application Fails to Function   3x10-6/HR a 344 
   Shorts    1x10-6/HR a 345 
Low PWR application Fails to Function   1x10-6/HR a 346 
   Shorts    1x10-7/HR a 347 
 348 
SWITCHES  Limit:  Failure to Operate  3x10-4/D a 349 
   Torque:  Fail to OPER  1x10-4/D a 350 
   Pressure Fail to OPER  1X10-4/D a 351 
   Manual, Fail to TRANS  1x10-5/D a 352 
   Contacts Shorts   1x10-8/HR a 353 
 354 
TRANSFORMERS Open CKT   1x10-6/HR a 355 
   SHORT    1x10-6/HR a 356 
 357 
VALVES,   Fails to Operate (Plug)  1x10-3/D a 358 
Motor operated  Failure to Remain Open  1x10-4/D a 359 
   External Leak   1x10-8/HR c,f 360 
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   Rupture    5x10-10/HR c,f 361 
 362 
VALVES,  Fails to Operate   1x10-3/D a 363 
Solenoid operated 364 
 365 
VALVES,  Fails to Operate (Plug)  3x10-4/D a 366 
Air operated  Failure to Remain Open  1x10-4/D a 367 
   External Leak   1x10-8/HR c,f 368 
   Rupture    5x10-10/HR c,f 369 
 370 
VALVES, Check  Failure to Open   1x10-4/D a 371 
   Reverse Leak   3x10-7/HR a 372 
   External Leak   1x10-8/HR c,f 373 
   Rupture    5x10-10/HR c,f 374 
 375 
VALVES:  Rupture    1x10-8/HR a 376 
Orifices, Flow 377 
Meters, (Test) 378 
 379 
VALVES, Manual  Failure to Remain Open (Plug) 1x10-4/D a 380 
   External Leak   1x10-8/HR c,f 381 
   Rupture    5x10-10/HR c,f 382 
 383 
 384 
VALVES, Relief  Fail to Open/D   1x10-5/D a 385 
   Premature Open/HR  1x10-5/HR a 386 
 387 
Vessels, Pressure  Small leak, 10mm2  8x10-8/HR b,g,h 388 
   Disruptive Failure  5x10-9/HR b,g,h 389 
 390 
WIRES   Open    3x10-6/HR a 391 
   Short to GND   3x10-7/HR a 392 
   Short to PWR   1x10-8/HR a 393 
 394 
References 395 

a)  Legacy value, may be from NRC tables 396 

b) Lees, Frank. Loss Prevention in the Process Industries, 1996. Print.  page 12/97, and 397 
Engel, J.R. “Pressure Vessel Failure Statistics and Probabilities” Nuclear Safety, Vol. 15, 398 
No. 4 (1974): 387-399.  Leak size based on possible crack size as the most common type 399 
of vessel failure. 400 
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c) Taylor, J.R. Risk Analysis for Process Plant, Pipelines and Transport. 1994.  Print. 401 

d) Blanton, C.H. and Eide, S.A. Savannah River Site Generic Data Base Development, 402 
WSRC-TR-93-262, June 1993. page 22. Westinghouse Savannah River Company, 403 
<http://www.osti.gov/bridge/servlets/purl/ 10136712tpHUgx/native/10136712.pdf>. 404 

e) Most references include pipe weld failures in the per meter failure rates.  Fullwood 405 
quotes Thomas that since most failures occur at welds the he finds a weld failure rate as a 406 
function of pipe diameter and wall thickness.  Unfortunately, Thomas does not state a 407 
physical basis for his equation, according to Fullwood.   408 

f) Eide, S.A. et al., Generic Component Failure Data Base for Light Water and Liquid 409 
Sodium Reactor PRAs, February 1990. EGG-SSRE-8875, Idaho National Engineering 410 
and Environmental Laboratory, Idaho Falls, ID. 411 

g) Davenport, T.J. “A Further Study of Pressure Vessel Failures in the UK.” Reliability ’91.  412 
Ed. R.H. Matthews., table 5, page 96, quoting Smith & Warwick, include a 95% 413 
confidence factor.   Note that Davenport includes air receivers, yet has a lower failure 414 
rate than Arulanantham and Lees. 415 

h) Smith, T.A. and Warwick, R.G., “Survey of Defects in Vessels Built to High 416 
Standards”,Int. J. Pres. Ves. & Piping (2) (1974):283-322.  Referring to conventional 417 
vessels relevant to Nuclear power plant, page 321 418 

i) AICHE, “Guidelines for Process Equipment Reliability Data” with references to 419 

a. IEEE Standard 500-1984 420 

b. Offshore Reliability Data Handbook 421 

c. RADC Non Electronic reliability notebook, Rome Air Development Center 422 

d. Reactor Safety Study (WASH 1400) 423 

j) Eide, “Generic Component Failure Data Base”, Table 3, referring to dampers 424 

k) Fans with variable frequency drives may use the same failure rates as fans with on/off 425 
control if installed properly.  Proper installation includes adequate cooling, appropriate 426 
wire sizes and possibly reactors.  Proper installation must be documented with a signed 427 
engineering note and/or a signed engineering drawing. 428 

429 
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Table 3, Human Error Rate Estimates 430 
Est Error Rate (D-1)   Activity 431 
10-3  Selection of a switch (or pair of switches) dissimilar in shape or location to 432 

the desired switch (or pair of switches), assuming no decision error. For 433 
example, operator actuates large handled switch rather than small switch.  434 

3 x 10-3  General human error of commission, e.g., misreading label and therefore 435 
selecting wrong switch.  436 

10-2  General human error of omission where there is no display in the control 437 
room of the status of the item omitted, e.g., failure to return manually 438 
operated test valve to proper configuration after maintenance.  439 

3 x 10-3  Errors of omission, where the items being omitted are embedded in a 440 
procedure rather than at the end as above.  441 

1/x Given that an operator is reaching for an incorrect switch (or pair of 442 
switches), he selects a particular similar appearing switch (or pair of 443 
switches), where x = the number of incorrect switches (or pair of switches) 444 
adjacent to the desired switch (or pair of switches). The 1/x applies up to 445 
5 or 6 items. After that point the error rate would be lower because the 446 
operator would take more time to search. With up to 5 or 6 items he 447 
doesn't expect to be wrong and therefore is more likely to do less 448 
deliberate searching.  449 

10-1 Monitor or inspector fails to recognize initial error by operator. Note: With 450 
continuing feedback of the error on the annunciator panel, the high error 451 
rate would not apply.  452 

10-1  Personnel on different work shift fail to check condition of hardware 453 
unless required by check or written directive.  454 

5 x 10-1  Monitor fails to detect undesired position of valves, etc., during general 455 
walk-around inspection, assuming no check list is used.  456 

0.2 - 0.3  General error rate given very high stress levels where dangerous activities 457 
are occurring rapidly.  458 

2(n-1)x  Given severe time stress, as in trying to compensate for an error made in 459 
an emergency situation, the initial error rate, x, for an activity doubles for 460 
each attempt, n, after a previous incorrect attempt, until the limiting 461 
condition of an error rate of 1.0 is reached or until time runs out. This 462 
limiting condition corresponds to an individual's becoming completely 463 
disorganized or ineffective.  464 

 465 
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A.  ODH Assessment Equations 466 

The oxygen concentration in a confined volume during and after a release of an inert gas may be 467 
approximated with the following equations. Five Different cases are presented: 468 

Case A. During release, with perfect mixing- Ventilation fan(s) blowing into the confined 469 
volume.  470 

Case B. During release, with perfect mixing - Ventilation fan(s) drawing from the confined 471 
volume with the ventilation rate greater than the spill rate.  472 

Case C. During release, with perfect mixing - Ventilation fan(s) drawing from the confined 473 
volume with the ventilation rate less than or equal to the spill rate.  474 

Case D. After release, with perfect mixing.  475 

Case E. Stratification of inerting gases 476 

The equation and its solution are given which are based on an oxygen mass balance for the 477 
confined volume. The following definitions and assumptions are common for each case:  478 

Definitions  479 

C = oxygen concentration  480 
Cr = oxygen concentration during the release  481 
Ce = oxygen concentration after the release has ended  482 
Q = ventilation rate of fan(s), (cfm or m3/s)  483 
R = spill rate into confined volume, (scfm or m3/s)  484 
t = time, (minutes or seconds) beginning of release is at t=0  485 
te = time when release has ended, (minutes or seconds)  486 
V = confined volume, (ft3 or m3)  487 

Assumptions  488 

* For case A through D complete and instantaneous mixing takes place in the confined volume. 489 
This is only a good assumption where gases have similar densities and/or mixing is "vigorous."  490 

* Q, R, and V remain constant.  491 

* Pressure in the confined volume remains constant and very near atmospheric pressure through 492 
the use of louvers or natural leakage.  493 

* Gas entering from outside the confined volume is air with an oxygen concentration of 0.21 494 
(21%).  495 

 496 
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Case A During release - Ventilation fan(s) blowing outside air into the confined volume. 497 
Differential equation for the oxygen mass balance  498 

(1) CQRQ
dt
dCV )(21.0 +−=             499 

Solution with the boundary condition of C=0.21 at t=0  500 

(2) ( )
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Case B During release - Ventilation fans(s) drawing contaminated atmosphere from the confined 502 
volume with the ventilation rate greater than the spill rate (Q>R).  503 

Differential equation for the oxygen mass balance  504 

(3) ( ) QCRQ
dt
dCV −−= 21.0       505 

Solution with the boundary condition of C=0.21 at t=0  506 

(4) ( ) 
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Case C During release - Ventilation fans(s) drawing contaminated atmosphere from the confined 508 
volume with the ventilation rate less than or equal to the spill rate (Q ≤ R).  509 

Differential equation for the oxygen mass balance  510 

(5) CR
dt
dCV −=  511 

Solution with the boundary condition of C = 0.21 at t = 0  512 

(6) ( ) t
V
R

etC
−

= 21.0  513 

Case D After release - The oxygen concentration in the confined volume after the release has 514 
ended, Ce(t), can be approximated by one equation.  515 

Differential equation for the oxygen mass balance  516 

(7)  CQQ
dt
dCV −= 21.0   517 
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Solution with the boundary condition of C = Cr (te) at t = te  518 

(8) ( ) ( )[ ] ( )ett
V
Q

er etCtC
−−

−−= 21.021.0  519 

where (t - te) is the time duration since the release ended.  520 

Oxygen concentrations can be converted to partial pressures by:  521 

(9) aPCPO =2  522 

where C = oxygen concentration  523 

PO2 = oxygen partial pressure (mmHg)  524 

Pa = atmospheric pressure (mmHg)  525 

(~ 740 mmHg at Fermilab) 526 

Case E Stratification of gases - The effects of stratification must be considered. The oxygen 527 
concentration can vary depending on distance from the release, elevation, gas density, 528 
ventilation, time and other factors.  In most cases simple, conservative assumptions regarding 529 
mixing are more suitable than attempting a precise evaluation of mixing.  For large enclosures it 530 
may be reasonable to assume complete mixing in a portion of the volume.  Stratification should 531 
not be used to reduce the risk. 532 

533 
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B. ODH Hazard Classes 534 
Once the ODH fatality rate (φ) has been determined, the operation shall be assigned an ODH 535 
class according to Table . 536 
Table 4, Oxygen Deficiency Hazard Class 537 

        ODH Class    [φ] (hr-1) 538 
 0     <10-7 539 
 1    > 10-7 but <10-5 540 
 2    > 10-5 but <10-3 541 
 542 
Please note that areas intended to be entered by personnel during normal operations must be 543 
engineered to have an ODH Class of 2 or lower. 544 
 545 
An area may be ODH Class 0, but rely on active monitoring and ventilation to achieve the 546 
required φ. These are defined as Engineered ODH 0 Areas.An ODH risk assessment should 547 
include a discussion of each of the following:  548 
 549 
1. Significant potential sources of reduced oxygen  550 
2. Mechanisms  551 

A. Spontaneous failures  552 
B. Personnel-mediated failures  553 

i) Operator error  554 
ii) Accidents  555 

3. Operations  556 
A. Steady State  557 
B. Other  558 

i) Start up  559 
ii) Repairs  560 
iii) Special operations  561 
iv) Shutdown  562 

4. Gas dynamics  563 
A. Ventilation  564 

i) Natural  565 
ii) Forced  566 

B. Stratification/Mixing  567 
C. Diffusion  568 

5. The bases used for conclusions.  569 
570 
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6.2 ODH Control Measures 571 

Protective measures shall be implemented in a fashion which reduces the risk of fatality from 572 
exposure to an oxygen deficient atmosphere to no more than 10-7 per hour (see Table 4). 573 
Alternate controls, such as area oxygen monitors in place of personal oxygen monitors, may be 574 
used where written justification has demonstrated that they provide an equal or superior level of 575 
safety. Since most controls are, themselves, subject to failure, their reliability must also be given 576 
appropriate consideration. For example, where a monitor-activated fan is used to reduce risk, the 577 
probability that the fan or monitor will fail must be included. An ODH control assessment should 578 
include a discussion of each of the following:  579 

1. Environmental Controls 580 

A. Ventilation 581 

i) Forced 582 

ii) Natural, including air makeup 583 

B. Monitoring 584 

i) Area oxygen monitoring 585 

ii) Cryogenic systems 586 

2. Personnel Controls 587 

A. Posting 588 

B. Entry control (locks, fencing, etc.) 589 

3. Emergency Procedures 590 

4. Special Requirements 591 

A. Self-rescue supplied atmospheric respirators (escape packs) 592 

B. Unusual procedures 593 
594 
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Table 5, ODH Control Measures 595 

ODH HAZARD CLASS Engineered 
0  1 2 

Environmental Controls    

1. Warning signs X X X 

2. Ventilation X(note 6) X X 

3.  Area (Fixed) Oxygen Monitoring X(note 6)  X (note 1, 2,6) X (note 1,2,6) 

ODH-Qualified Personnel Controls    

4. Medical approval as ODH qualified  X X 

5. ODH training  X X 

6. Personal oxygen monitor  X (note 3) X (note 3) 

7. Self-rescue supplied atmosphere respirator 

(escape pack) 

 
X (note 4) X (note 4) 

8. Multiple personnel in communication   X 

ODH-Restricted Personnel Controls    

9. Must not be ODH-excluded  X X 

10. ODH briefing or training  X X 

11. Personal Oxygen Monitor  X (note 3) X (note 3) 

12. Self-rescue supplied atmosphere respirator 

(escape pack) 

 
X (note 4) X (note 4) 

13. One-to-one escort by ODH qualified 

personnel 

 
X (note 5) X (note 5) 

14. At least two ODH qualified personnel   X 

X = Required.    

Note 1: Area monitors are not required in spaces not intended for normal occupancy, e.g. 596 
confined spaces. 597 
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Note 2: Area monitors may be waived for temporary systems or operations at discretion of safety 598 
review panel and approval authority. 599 

Note 3:  The requirement for entrants to ODH 1 or 2 areas to carry personal oxygen monitors can 600 
be waived where it has been demonstrated that installed area (fixed) oxygen monitors provide an 601 
equal or superior level of safety (e.g., where a high background noise level makes the personal 602 
oxygen monitor alarm imperceptible).   Signage at the entrance to ODH 1 and 2 areas should 603 
indicate if carrying of personal oxygen monitors by entrants is required. 604 

Note 4:  All individuals present in an ODH 1 or 2 area shall have ready access to self- rescue 605 
supplied atmosphere respirators (escape packs) unless it has been demonstrated that they do not 606 
improve the probability of surviving an oxygen deficient atmosphere (e.g., when it takes longer 607 
to put on and activate the respirator than it does to escape the oxygen deficient environment).   608 
Signage at the entrance to ODH 1 and 2 areas should indicate if carrying of self- rescue supplied 609 
atmosphere respirators (escape packs) by entrants is required. 610 

Note 5:  An exception for one-to-one escort is provided for tour groups as defined in ODH Area 611 
Tour Requirements. 612 

Note 6: There are rules for reporting ODH area alarms into the FIRUS alarm handling system. 613 
See Section 6.3, FIRUS Reporting of Alarms for ODH Areas, in the Technical Appendix below. 614 

KEY TO ODH CONTROL MEASURES  615 

1. Engineered ODH 0- an area relying on active monitoring and ventilation to achieve the 616 
ODH Class 0 classification. 617 

2.  Warning signs - ODH signs shall be posted where they best serve to warn potentially 618 
exposed individuals. ODH signs are available from the ESH&Q Section  619 

3. Ventilation - The minimum ventilation rate during occupancy should be established 620 
during the ODH risk assessment. This may be accomplished by any reliable means.  621 

4. Medical approval as ODH qualified - This block of precautions shall only apply to 622 
individuals who have been classified as ODH-qualified by the Fermilab Occupational 623 
Medical Office.  624 

5. ODH Training - Individuals shall receive training in oxygen deficiency hazards and 625 
safety measures associated with the operation. Annual retraining shall be required. 626 
Training is coordinated by the ESH&Q Section.  Successful completion of an online 627 
challenge exam may be used to substitute for the annual retraining requirement. 628 

6. Personal oxygen monitor - Individuals shall be equipped with a functioning calibrated 629 
personal oxygen monitor. Prior to each use they shall check that the displayed 630 
concentration is 21% in a normal atmosphere and the monitor is not past due for 631 
calibration. Personal oxygen monitors shall not be used beyond the last day of the month 632 
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indicated on the calibration sticker. It is the responsibility of each division/section issuing 633 
personal oxygen monitors to have a program in place to insure that they are in 634 
compliance with this policy. It is the responsibility of ODH-qualified escorts to insure 635 
that the personal oxygen monitor(s) of those being escorted are not past due for 636 
calibration and are returned to the issuing organization or individual after use. Past-due 637 
monitors shall be returned to the individual or organization that issued it to arrange for 638 
recalibration.  639 

All personal oxygen monitors used at Fermilab are set to alarm at the mandatory confined 640 
space limit of 19.5% (see Chapter 4230). This eliminates the need to maintain two 641 
"types" of personal oxygen monitors (one for ODH and one for confined spaces) as well 642 
as the associated potential for mismatching monitor and application.  643 

Area oxygen monitors may be used in place of personal oxygen monitors where it has 644 
been demonstrated that they provide an equal or superior level of safety (e.g., where a 645 
high background noise level makes the personal oxygen monitor alarm imperceptible). 646 
Area ODH monitors are set to alarm at the ODH limit of 19.5% oxygen.  647 

Care must be exercised in the selection and use of oxygen monitors.  Most instruments 648 
used in safety applications employ fuel cell type oxygen sensors.  These devices consist 649 
of a diffusion barrier, a sensing electrode, a working electrode, and a basic electrolyte.  650 
The amount of current generated is proportional to the amount of oxygen consumed.  651 
There are two types of fuel cell sensors: capillary pore and membrane barrier.  The 652 
former uses a narrow diameter tube through which oxygen diffuses into the sensor via 653 
capillary action.  The latter depends on the partial pressure of oxygen to drive molecules 654 
through a membrane diffusion barrier into the sensor.  In 2001, ES&H personnel at JLab 655 
discovered that the response of capillary type cells can be non-linear when the displacing 656 
gas is helium.  The nature of this non-linearity is such that the output of the cell is higher 657 
than it should be in an oxygen-deficient atmosphere.  Therefore, alarms for a capillary 658 
cell monitor may not go off until the oxygen-concentration falls below the linearly-659 
interpolation trip point for the instrument.  This observation resulted in Fermilab 660 
replacing its capillary cell monitors with membrane diffusion monitors.  The non-661 
linearity effect appears to only occur when inerting gases have a lower molecular weight 662 
than that of air. 663 

7. Self-rescue supplied atmosphere respirator (escape pack) - All individuals present shall 664 
have ready access to self- rescue supplied atmosphere respirators (escape packs) during 665 
the operation unless it has been demonstrated that they do not improve the probability of 666 
surviving an oxygen deficient atmosphere (e.g., when it takes longer to put on and 667 
activate the respirator than it does to escape the oxygen deficient environment).  668 

8. Multiple personnel in communication - More than one individual shall be present; all of 669 
whom shall meet requirements (4), (5), and (6) above.  670 

9. Must not be ODH-excluded - This block of precautions shall only apply to individuals 671 
who have not been classified as ODH-excluded by the Occupational Medical Office 672 

https://esh-docdb.fnal.gov:440/cgi-bin/ShowDocument?docid=386
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(such individuals are classified as ODH-restricted). Individuals classified as ODH-673 
excluded shall not participate in any ODH Class 1 or greater operation.  674 

10. ODH briefing - Individuals shall be briefed in oxygen deficiency hazards and safety 675 
measures of the operation prior to making entry into an ODH area.  676 

11. One-to-one escort by ODH-qualified personnel - An escort can be provided in special 677 
cases when the persons entering an area do not meet requirements (4) and (5).   678 
Individuals shall be under the direct continuous supervision of individuals who meet (4), 679 
(5), and (6) above.  Note that escorted persons shall not have been designated as ODH-680 
excluded by the Occupational Medical Office.  If not evaluated by the Medical 681 
Department, the escort assumes responsibility for judging whether or not they believe the 682 
fitness of the escorted individual would significantly impede escape from the ODH 683 
operation in the event of an alarm.  The rules for tour groups are listed below under 684 
“ODH Area Tour Requirements”, which are an exception to the one-to-one escort 685 
requirement. 686 

12. At least two ODH-qualified personnel - Both (8) and (11) shall be followed when making 687 
entry into an ODH area.  688 

ODH Warning signs 689 

Example designs of ODH signs are shown in Figure 2, which follows.  Actual signs should be 690 
large enough to be easily read.  They shall be posted where they best serve to warn potentially 691 
exposed individuals. Areas that have active Engineered ODH 0 areas, where non-ODH trained 692 
personnel may be present, must have signage to provide alarm response instructions (i.e. 693 
evacuate upon alarm). 694 

 695 
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 696 

 697 

Figure 2 - ODH signs 698 
ODH Medical Surveillance  699 
Medical surveillance shall be required to assure that persons engaged in ODH operations are 700 
adequately fit to escape from an oxygen deficient situation when properly warned. Hearing, 701 
vision, cardiopulmonary function, ambulatory abilities and mental stability shall all be 702 
considered in this respect.  703 
A three level system of medical approval shall be used which gives the greatest operational 704 
freedom to those who are most fit (Table 6). The Occupational Medical Office shall be 705 
responsible for designating the level of approval via the "Record Patient Visit" form. Personnel 706 
who have not been reviewed by the Medical Department are considered "ODH-restricted."  707 

708 
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Table 6, Levels of ODH Medical Approval 709 

LEVEL                MEANING   DURATION OF APPROVAL        710 
ODH-Qualified Medically qualified to  Typically 2 years based   711 
  participate in all ODH  on the age and health 712 
  Class 1 or greater operations status of the worker 713 
ODH-Restricted Medically qualified to  Typically 2 years based  714 
  participate in ODH Class 1 on the age and health       715 
  and ODH Class 2 operations status of the worker        716 
  when properly escorted  717 
  (see Table 5)  718 
ODH-Excluded Prohibited from  Until reclassified by the  719 
  participation in any ODH Medical Department          720 
  Class 1 or greater operation 721 
 722 
Procedures to Obtain ODH Medical Approval from the Medical Department 723 

Fermilab Employees or contractors in the TRAIN database  724 
1. Employees should contact the Occupational Medical Office to determine if a medical 725 

examination is necessary. In some instances, existing health status information on file 726 
with Medical is sufficiently current and complete to preclude the necessity for a pre-727 
approval exam. In the event that an exam is needed, an appointment can be made at the 728 
time the employee contacts the Occupational Medical Office. Once an employee has been 729 
ODH-qualified, it is the responsibility of that employee to notify the Medical Department 730 
of any change in their health or medications which may affect their ODH qualification. 731 

2. If an employee is found to be medically qualified, that information shall be entered into 732 
the TRAIN Database. In most cases, this entry will provide an adequate source of 733 
information for controlling access to ODH operations.   734 
Non-Employees (Including Users)  735 

1. The Fermilab representative for the non-employee shall arrange an appointment between 736 
the non-employee and the Fermilab Medical Department. If the non- employee is a 737 
contractor employee, then the representative shall notify the Contracts Department that 738 
ODH approval is being sought.  739 

2. The Occupational Medical Office shall decide what tests need to be performed so a 740 
decision can be made regarding the non-employee's fitness for ODH work and/or SCBA 741 
use. The Fermilab Physician shall determine whether the non-employee should be ODH-742 
qualified and/or qualified for SCBA use. 743 

3. If the non-employee is found fit, form 5 is completed and forwarded as "distribution" 744 
indicates.  745 

4. If the non-employee is found to be unfit for ODH work, the Occupational Medical Office 746 
will report this information to the Fermilab representative using form 5. 747 

5. Medical approval for non-employee ODH/SCBA will expire in 2 years. 748 
749 
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ODH Training 750 

Individuals engaged in ODH class 1 or greater operations shall receive training in oxygen 751 
deficiency hazards and associated safety measures as outlined below. Annual retraining shall be 752 
required.  753 

1. Normal Atmospheric Constituents  754 
2. Effects of Exposure to Reduced Atmospheric Oxygen  755 

A. Reduced Abilities  756 
B. Loss of Consciousness  757 
C. Death  758 

3. Sources and Mechanisms of Reduced Oxygen  759 
4. ODH Safety Procedures 760 

A. Exposure Limit 761 
B. ODH Classification Scheme 762 
C. Required Controls 763 

1. Oxygen Monitors and Their Use 764 
2. Self-Rescue Supplied Atmosphere Respirators (escape packs) 765 
3. Medical Surveillance 766 
4. Other 767 

D. Evacuation and Rescue 768 
For Lab employees, supervisors should arrange for ODH training through the ESH&Q Section. 769 
For non-employees, arrangements should be made by the Lab representative for the non-770 
employee. "SCBA" training shall be required for all persons who must wear an SCBA (taught by 771 
the Fermilab Fire Department). Training records will be kept by the ESH&Q Section.  772 

Emergency Evacuation and Rescue 773 

Emergency evacuation and rescue shall be conducted in accordance with the flow chart shown in  774 

Figure 3 below. SRSAR stands for self-rescue supplied atmosphere respirator (escape pack). 775 
Individuals who have left an area due to an emergency may not re-enter until the emergency has 776 
ended and the area is known to be safe. That determination is to be made by the Division Safety 777 
Officer responsible for the area (or designee). Only the fire department is authorized to enter to 778 
perform a rescue. Local plans may differ slightly from that shown here. 779 
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Figure 3 - Emergency evacuation and rescue flowchart  781 
782 
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ODH Area Tour Requirements 783 

The following rules apply to guided tours through Fermilab ODH 1 and ODH 2 areas 784 
1. Tour Purpose 785 

a. Tours must be in support of Fermilab’s scientific mission. 786 
b. Tours for the general public are not allowed 787 

2. Tours through Posted Controlled Areas 788 
a. Guided tours may be permitted if the enclosure is in Supervised or Open Access Mode.  789 

Every person entering the enclosure must have a key for that enclosure. 790 
b. Guided tours are not permitted if the enclosure is in Controlled Access Mode 791 
c. Access mode definitions are as described in the Fermilab Radiological Control Manual. 792 

3. Tour Coordinator and Escort Qualifications 793 
a. The tour coordinator and all additional escorts shall be up-to-date on ODH training 794 

(FN000029) and all other training required by Fermilab to enter the enclosure 795 
4. Tourist Qualifications 796 

a. Tourists must be medically fit to enter and exit the enclosure under the rules given in 797 
“One-to-one escort by ODH-qualified personnel” in section 6.2 of this chapter 798 

b. Tourists must be 18 years old or older. 799 
5. Number of Escorts Required 800 

a. All tour groups shall have a designated tour coordinator  801 
b. The number of additional escorts required is based tour group size as listed below: 802 

i. Groups of less than 6 tourists need 1 additional escort 803 
ii. Groups of 6 to 12 tourists need 2 additional escorts 804 

iii. Groups of 13 to 19 tourists need 3 additional escorts 805 
c. Tours of 20 or more tourists are not permitted 806 

6. Approvals 807 
a. The Division Safety Officer (DSO) must approve of all tours through ODH areas.   808 
b. Tours may have other safety considerations requiring separate approvals such as 809 

radiological safety or confined space entry.  Consult the FESHM or Fermilab 810 
Radiological Control Manual (FRCM) for other required approvals for other safety 811 
hazards 812 

7. Notifications 813 
a. The DSO shall notify the Main Control Room and Fermilab Fire Department of the tour 814 

coordinator, number of additional escorts, number of tourists, tour date and time, and the 815 
location of the tour being conducted 816 

8. In-place oxygen monitoring and ventilations systems 817 
a. Tours are prohibited if any component of the oxygen monitoring system or ventilation 818 

system is known to be inoperative or malfunctioning 819 
9. Personnel Protective Equipment 820 

a. All tourists are required to carry the same personnel protective equipment that a Fermilab 821 
employee would be expected to carry in the enclosure 822 

10. Tour Briefing Minimum Contents 823 
a. Brief description of the area to be toured  824 
b. Exit locations and routes 825 
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i. Any strenuous activities, such as long distances or stairs, required to make an exit 826 
should be emphasized 827 

ii. A waiting area should be designated for any tourists who are not medically fit to 828 
exit the enclosure in the event of an emergency 829 

c. Personnel Protective equipment 830 
i. Explain how to use personal oxygen monitor.  Check calibration dates. 831 

ii. Explain how to don escape pack (if applicable).  Check pressure gauges. 832 
d. Prohibited Areas 833 

i. Tour routes shall always maintain a clear route of egress in case of emergency 834 
ii. Tour groups may be prohibited by the DSO from entering areas of the enclosure 835 

that cannot be quickly evacuated in the event of an emergency 836 
e. Emergency Procedures 837 

i. The emergency response procedures listed in section 5.0 of this chapter remain in 838 
effect for tour groups.  Dial 3131 to report the emergency after evacuating the 839 
enclosure.  Only the Fermilab fire department may enter an enclosure while an 840 
oxygen monitor is alarming. 841 

ii. The entire tour group should immediately proceed out the nearest safe exit if any 842 
of the following events occur: 843 

1. A single oxygen monitor alarms 844 
2. Electrical power outage 845 
3. Indication of a leak (vapor cloud, sound of gas leak, etc) 846 

iii. The entire tour group should don the escape packs and immediately proceed out 847 
the nearest safe exit if any of the following events occur 848 

1. Two or more oxygen monitors alarm 849 
2. Indication of a leak (vapor cloud, sound of gas leak, etc) and a single 850 

oxygen monitor alarms 851 
iv. The emergency evacuation path should always keep the tour group moving away 852 

from the assumed source of the leak.  The nearest safe exit is the closest exit that 853 
does not require passing through the leaking gas or vapor 854 

855 
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6.3 FIRUS Reporting of Alarms for ODH Areas 856 

DEFINITIONS 857 

Facility Information Reporting Utility System (FIRUS) is a computer system that monitors and 858 
reports on the status of various fire, security and utility sensors positioned throughout the 859 
Laboratory buildings, experiments and systems.  Reference FESHM 6013.  860 

Engineered ODH 0- an area relying on active monitoring, ventilation and other control measures, 861 
for example isolation of leak sources, to achieve the ODH Class 0 classification. 862 

FIRUS Trouble condition for Engineered ODH 0 occurs for 18% oxygen< sensor indication 863 
<19.5% oxygen. See Technical Appendix for further rationale. Additionally, trouble condition 864 
may be generated when the ventilation equipment fails the automated test. 865 

FIRUS Emergency condition for Engineered ODH 0 occurs for sensor indication <18% oxygen.  866 

ALARM MONITORING REQUIREMENTS FOR ENGINEERED ODH 0 AREAS 867 

Primary safety in event of an ODH situation in any ODH area, independently of its class or 868 
whether the installed sensors have single or multiple alarming points, comes from response of 869 
oxygen sensors at 19.5% oxygen triggering the ODH alarm and personnel evacuation.   870 

Active ventilation, and in some cases, isolation from the source of oxygen displacing gas, are the 871 
engineered ODH control measures, which may be additionally designed for a specific ODH area. 872 
Such additional ODH control measures are required for the Engineered ODH 0 areas. Such need 873 
for active ODH control measures combined with the reduced personnel control and protection 874 
measures per ODH 0 class areas, for example allowing access of personnel without formal 875 
current ODH training and ODH medical qualification, necessitates a higher level of alarm 876 
handling compare to ODH 1 and ODH 2 areas, most importantly reporting ODH alarms via 877 
FIRUS.  878 

Reporting ODH alarms via FIRUS for Engineered ODH areas 879 

The oxygen sensors, which are installed in the Engineered ODH 0 area, shall have (at least) two 880 
settable alarms reporting to FIRUS, at 19.5% and 18%. The existing areas, where the legacy 881 
sensors have a single alarm setpoint at 19.5%, the 18% alarm to FIRUS shall be additionally 882 
implemented by means of control system (chassis, PLC, ACNET, etc.), as shown on attached 883 
chart in Figure 1.  884 

The ODH alarm indication at 19.5% or failed equipment test shall be reported as FIRUS 885 
Message Protocol TROUBLE directing response to personnel charged with ODH response 886 
responsibilities, for example a Cryogenics System Expert. Typical response for 19.5% alarm 887 
may include verifying that ventilation has engaged, comparing to other sensors in area, 888 
conducting trend analysis, local inspections, initiating maintenance assessment.  889 

The ODH alarm indication at 18% shall be reported as FIRUS Message Protocol 890 
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ALARM/EMERGENCY directing primary response to Fire Department and secondary response 891 
to personnel charged with ODH response responsibilities.  The alarm point at 18% may 892 
substitute an alarm handling system with 24/7 operator coverage with manual calling instructions 893 
to Fire Department as substitute for FIRUS ALARM/EMERGENCY.   See Response Flow Chart 894 
in Figure 1.  895 

Testing 896 

Engineered ODH 0 ventilation system control shall be periodically tested (manually or 897 
automated). Sufficient instrumentation, such as fan flow switches, shall be provided for 898 
verification of results.  The testing time interval shall be included as part of the review 899 
(Reference TA section 6.4). The interval between testing shall not exceed six months.  An 900 
automated test failure shall be reported as FIRUS Message Protocol TROUBLE directing 901 
response to personnel charged with ODH response responsibilities. Typical response may 902 
include initiating fan maintenance.  The provisions of this section if manually completed must be 903 
addressed in the documentation for FESHM 5032 Cryogenic Systems Review, maintaining safe 904 
operations. 905 

Out of Service Policy 906 

The ODH analysis shall identify active ODH equipment whose function is required for 907 
maintaining Engineered ODH 0 hazard class.   If required equipment is out of service, the area 908 
immediately must be re-posted to the hazard class indicated by the analysis.  909 

Power Outage 910 

The ODH analysis shall consider the function of active ODH equipment during power outages 911 
and the effect on maintaining Engineered ODH 0 hazard class. Personnel shall evacuate the area 912 
unless analysis demonstrates active function of ODH equipment is maintained. In the event of a 913 
power outage affecting active ODH equipment in Engineered ODH 0 area, personnel may enter 914 
if they have ODH training, personal oxygen monitor, and escape pack as defined in FESHM 915 
4240.  916 

ALARM MONITORING REQUIREMENTS FOR ODH 1 AND ODH 2 AREAS 917 

ODH Area Oxygen Sensor heads in ODH 1 or 2 areas alarms may go to FIRUS as TROUBLE 918 
indication. These sensor head alarms should go to a control system for monitoring and 919 
notification.  920 

TRACKING AND NOTIFICATION POLICY 921 

Reports of FIRUS ODH alarm occurrences will be complied and sent to Cryogenic Safety 922 
Subcommittee Chairperson for bi-monthly reporting at CSS meeting. The purpose of the report is 923 
for CSS to be notified about real and false ODH events which generate a FIRUS response.  924 
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 925 

Figure 4: FIRUS Alarm Reporting for Engineered ODH 0 Class areas 926 

6.4 Reference Materials For Oxygen Deficiency Hazards 927 

Effects of Exposure to Reduced Atmospheric Oxygen  928 

Air normally contains about 21% oxygen with the remainder consisting mostly of nitrogen. 929 
(Although this section is written in terms of %O2 at sea level, the preferred index of hazard is 930 
partial pressure of O2.  Percent O2 is used here to maintain consistency with the "readouts" on 931 
oxygen monitors.  See Safety Note 12 which is available from the ESH&Q Section.)  Individuals 932 
exposed to reduced-oxygen atmospheres may suffer a variety of harmful effects. Table 7 933 
contains a list of some of these effects and the sea level oxygen concentrations at which they 934 
occur. At higher altitudes the same effects generally occur at greater volume concentrations since 935 
the partial pressure of oxygen is less. If exposure to reduced oxygen is terminated early enough, 936 
effects are general reversible. If not, permanent central nervous system damage or death result. 937 
Major effects hindering escape from the vicinity of an oxygen deficiency are disorientation and 938 
unconsciousness.   Figure 4 is a plot of time of useful consciousness versus percent oxygen for 939 
seated individuals at sea level. For active individuals, the threshold for unconsciousness is 13%. 940 
Figure 5 shows the effect of oxygen deficiency on breathing, "error" rates, and vision.  941 

In general, the intensities of the effects increase rapidly with falling oxygen concentration and 942 
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longer exposure duration: reduced abilities, then unconsciousness, then death. While exposure to 943 
an atmosphere containing less than 17% oxygen presents some risk, it can be concluded that the 944 
19.5% oxygen exposure limit provides an adequate margin of safety.   945 

An in depth discussion on the rationale for an 19.5% Oxygen alarm set point for area monitors is 946 
available in the "Area Oxygen Sensor Alarm Setpoint Whitepaper" found on the Industrial 947 
Hygiene (IH) Webpage under the IH Reading Room heading, at Doc ID 3235 948 
 949 

Table 7, Effect Thresholds for Exposure to Reduced Oxygen 950 

Effect Thresholds for Exposure to Reduced Oxygen 951 

(Seated Individuals at Sea Level) 952 

Volume % Oxygen Effects 953 

 17 Night vision reduced.  Increased breathing volume.  Accelerated 954 
heartbeat. 955 

 16 Dizziness.  Time required for novel tasks doubled. 956 

 15 Impaired attention.  Impaired judgment.  Impaired coordination. 957 
Intermittent breathing.  Rapid fatigue.  Loss of muscle control. 958 

 12 Very faulty judgment.  Very poor muscular coordination.  Loss of 959 
consciousness.  Permanent brain damage. 960 

 10 Inability to move.  Nausea.  Vomiting. 961 

   6 Spasmodic breathing.  Convulsive movements.  Death in 5 - 8 962 
minutes. 963 

 964 

https://esh-docdb.fnal.gov:440/cgi-bin/ShowDocument?docid=3235
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 965 

  Figure 5, Time to Unconsciousness 966 

 Approximate time of useful consciousness as a function of oxygen concentration for seated 967 
subjects at sea level: Open squares and circles - duration of useful consciousness, Open triangles 968 
- time to coma, Filled triangles - threshold for unconsciousness, Filled circles - time to 969 
unconsciousness.  970 

 971 

Figure 6, Other Effects of Oxygen Concentration  972 
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Other effects as a function of oxygen concentration for seated subjects at sea level: Filled squares 973 
- volume of air breathed as a function of time, Filled diamonds - error rate (inverse of test scores 974 
for judgment, memory, and discrete movements), Open squares – required minimum 975 
illumination to see the same detail 976 
 977 

978 
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Rationale for Table 1: “Fermilab Equipment Failure Rate Estimates” 979 

Author:  B. Soyars, January 26, 2000 980 

Failure rates reaffirmed by J. Makara, June, 2012 981 

Table 1 in Chapter 4240 gives equipment failure rates based on Fermilab experience for 982 
a variety of systems. Rates are primarily based on data developed by the 983 
AD/Cryogenics Department. The large scale of this department’s system allowed for 984 
many hours of operating time and experience. It’s expected that similar systems in other 985 
departments will behave similarly. Differentiation will be made between a “leak” event 986 
and a “rupture” event. 987 

1. Compressor (Two-stage Mycom) 988 

The most typical ODH events related to compressors are leaking lines. A typical event 989 
is a leak in the 3/8” oil control lines for slider positioning, which leads to oil, oil mist, 990 
and helium venting within the compressor building. This has occurred about 8 times 991 
resulting in about 5 ODH alarms. It’s somewhat questionable whether it was low 992 
oxygen or the presence of oil mist that set off the alarm, but since inerting gas is present 993 
in carrying the mist, assume the alarm response was real. All these events had potential 994 
for causing ODH conditions and therefore will be tallied as ODH events.  Another less 995 
common reason is the opening of unvented pockets during maintenance. This has 996 
happened perhaps twice. It’s possible that compressor building ODH events could be 997 
under-reported since these non-cryogenic events typically have little or no impact on 998 
accelerator operations. Thus, it seems plausible to increase the leak event total number 999 
by 50%, from 10 to 15.  There have been through January 1999 125,000 hours with the 1000 
He header system live and compressors operating. Then, for leaks: 1001 

( )  /hr105= 
cmprs 25hr 101.25

15 rate failure 6-
5 ×

××
=  1002 

A similar number for rupture is more difficult to determine since no real rupture events 1003 
have been recorded. Nevertheless, by assuming one rupture failure, an upper limit to 1004 
this failure rate can be estimated: 1005 

( )  /hr103= 
cmprs 25hr 101.25

1 rate failure 7-
5 ×

××
=  1006 

2. Dewar 1007 

A wide variety of dewars are operated at Fermilab and much dewar experience has 1008 
been gained. (Note, information outside of AD/Cryogenics will be considered here). A 1009 
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typical major failure mode is when the insulating vacuum shell gets cracked leading to 1010 
the loss of vacuum to air and the potential for significant venting of warmed-up 1011 
cryogens. Consider a failure that occurred at MTF (January 1997) in which a 10,000 gal 1012 
nitrogen dewar had its vacuum shell cracked due to cold shocking. This occurred after 1013 
5.5 years of it being in service. This was the only failure over this time period for an 1014 
assumed average of 20 dewars in continuous service. Take this 5.5 years as typical mean 1015 
time between failure for a lot of 20 dewars. Then the failure rate would be: 1016 

( )  /hr101= 
dewars 20hr 104.8

1 rate failure 6-
4 ×

××
=  1017 

This predicted value rate matches what was originally used in Table 1, indicating that it 1018 
seems to be a fair value to use for dewar failure rates. Further laboratory experience can 1019 
be considered in a more anecdotal fashion. A few other similar failures have occurred 1020 
during the 30 year lab history. About two more cold shock failures have occurred, and 1021 
about two more 500 liter portable dewars have lost vacuum (one at Lab 2 when 1022 
dropped from a truck, another in the Village). Consider then five failures for 20 dewars 1023 
in continuous service during a 30 year period. This produces a failure rate identical to 1024 
the above calculation. This supports the above analysis being indeed typical. 1025 

3. Electrical Power Failure 1026 

The original Table 1 gives this failure rate as 1 E-4 /hr, and 3 E-4 /demand. 1027 

This existing time failure rate comes out to about 1 per year, which is in agreement with 1028 
experience. 1029 

4. Fluid line (Cryogenic)  1030 

Assume this category includes fittings, valves, seals, and O-rings. Failures of this nature 1031 
have been the most commonly encountered cause for AD/Cryogenics ODH events. An 1032 
example is temperature related seal failures. AD/Cryogenics data has estimated about 1033 
30 total ODH events from 1983-1988, and <15 events from 1989-1996. Since we have 1034 
documented 16 tunnel spill events, let’s assume there have been about 30 of the 45 total 1035 
events falling into this category of cryogenic fluid lines.  1036 

Through January 1999 there were 105,000 Tevatron cryogenic system hours cold. 1037 
Assume 24 refrigerator buildings each with 25 fittings (bayonets and reliefs). Then the 1038 
leak failure rate for a fluid line or fitting is: 1039 

 /hr105= 
1063

30 rate failure

hrs-ftg 1063 ftg/bldg 25 bldgs 24 hrs 000,105

7-
6

6

×
×

=

×=××
 1040 
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Rupture failures, such as a bayonet blowing out, are more difficult to determine since 1041 
no real rupture events have been recorded. Nevertheless, by assuming one rupture 1042 
failure, an upper limit to this failure rate can be estimated: 1043 

( )  /hr102= 
hr 1063

1 rate failure 8-
6 ×

×
=  1044 

5A. Magnet (cryogenic) 1045 

Let’s look at magnets under two separate conditions. First consider cold and powered 1046 
magnets. Personnel are not working near the magnets under these circumstances. Up to 1047 
January 1999, there have been 63,000 hours of Tevatron system powered conditions. 1048 
There have been 11 magnet spill events mostly, if not all, due to single-phase rupture to 1049 
vacuum from an electrical fault. Then magnet “powered, unmanned” failure rate is: 1050 

failure rate =
11

63000 ×1000 magnets
 = 2 ×10-7  /hr  1051 

5B. Magnet (unpowered, could be cryogenic conditions, could be warm) 1052 

A separate condition for the magnets are when they are not powered. This assumes that 1053 
manned activity is occurring around the magnets which either are cold, or are warm 1054 
with inerting gases present.  These conditions have produced 2 potential ODH events. 1055 
Both of these recorded failures were magnet Kautzky valves getting hit. In fact, the 1056 
valves remained intact and no spill occurred; but nonetheless, since there was potential, 1057 
these have been counted as ODH events.  There have been 89,000 hours of Tevatron 1058 
system not powered. Then magnet “not powered, manned” failure rate is: 1059 

failure rate =
2

89000 ×1000 magnets
 = 2 ×10-8  /hr  1060 

6. Header Piping Assembly 1061 

Three ODH events were observed that were related to the helium header piping. The 1062 
failure rate will be based on failures per vulnerable or accessible assembly. In these 1063 
failure cases, the vulnerable assembly was a flex hose attached to the header. Note that 1064 
two of these were the failures discussed in 5B, which could have led to exposure of 1065 
either the header or the magnet inventory (or both). Therefore, those events will be 1066 
counted in both categories.  One additional event involved the header opening up 1067 
during a magnet change when an incorrect maintenance procedure let an uncapped 1068 
Kautzky valve leak when its control pressure line was broken.  For the header in the 1069 
Tevatron, there are about 70 flex hose connections to the header for one house. From the 1070 
known header operating time of about 125,000 hours, we get a failure rate per piping 1071 
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assembly: 1072 

 /hr101= 
2470125000

3 rate failure 8-×
××

=  1073 

7. U-Tube change 1074 

Procedures reduce the ODH impact of problems during U-tube changes by minimizing 1075 
the exposure to large sources. For example, isolation valves are closed and the system 1076 
depressurized before the pull. So when problems or failures have occurred, they have 1077 
procedurally been prevented from falling into the ODH event category. Thus, 1078 
AD/Cryogenics doesn’t really offer any ODH statistics for altering the original 4240 1079 
failure rate estimates (3 x 10-2/D small event, 1 x 10-3/D large event).  1080 

REFERENCES: 1081 

1. Tevatron Tunnel ODH Spill Analysis, W. Soyars and J. Theilacker, February 22, 1082 
1999. 1083 

2. ODH Statistics, J. Theilacker, October 3, 1988. 1084 

3. Discussion of Known ODH Events, W. Soyars, April 18, 1996. 1085 

4. Email from Tom Peterson, “Dewar Failure Rates,” January 26, 2000. 1086 

1087 
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6.5 Standby Equipment Failure on Demand and Sample Calculations 1088 

Failure on Demand Rates for Standby 1089 

Ventilation Equipment 1090 

10/20/2014 1091 

R. Schmitt 1092 

Introduction 1093 
 1094 
ODH analyses at Fermilab frequently rely on standby ventilation systems. The reliability of 1095 
any standby system depends on the test period. This calculation shows the probability of a 1096 
failure on demand for fans and motorized louvers. The equations are from David Smith, 1097 
Reliability, Maintainability and Risk, and it assumes that the units are unavailable for half of 1098 
the test period. 1099 
 1100 
Some buildings have multiple fans which are all be requested to start during an event. 1101 
There is a probability that all fans start and their combined flow rate along with the leak rate 1102 
determines the oxygen concentration. There is another probablility that some fans will fail to 1103 
start. If less than the full number of fans is running, then the ventilation and resulting 1104 
oxygen concentration would be lower. The same situation exists for motorized louvers. 1105 
 1106 
Nomenclature 1107 
 1108 

• λ.fan is the probability of a fan failing while running continuously. 1109 
• λ.louver is the probability of a motorized louver failing while running continuously 1110 
• Test.period is the time between operational tests 1111 
• n is the number of fans installed 1112 
• m is the number of fans starting 1113 
• F.FOD.fan.1o1 is the failure on demand for one fan where one is installed 1114 
• F.FOD.fan.1o2 is the failure on demand for one fan starting where two are installed 1115 
• F.FOD.fan 1o3 is the failure on demand for one fan starting where three are installed 1116 

 1117 
Failure on demand calculation for standby fans or louvers 1118 

 1119 
1120 
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Fan Failure on Demand Chart 1121 

 1122 
1123 
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Reference 1124 
 1125 
David Smith, Reliability, Maintainability and Risk, page 95, for system unavailability with 1126 
standby units. Table 8.6. These equations assume that the equipment is unavailable for half 1127 
of the test period. 1128 

 1129 
1130 
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ODH Fatality Rate Calculation examples 1131 

with active ventilation or valve controls 1132 

R. Schmitt 1133 

10/20/2014 1134 
 1135 
Introduction 1136 
 1137 
The use of cryogens can create an oxygen deficient environment through equipment failures 1138 
or leaks. To mitigate the risk of these failures, ventilation fans and detection monitors are 1139 
commonly installed. These safety features help detect low oxygen concentrations and 1140 
provide fresh air. However the ventilation and detectors can also fail to operate when needed. 1141 
Performing ODH fatality rate calculations for ventilation scenarios requires all situations to 1142 
be accounted for that can put people at risk. Three scenarios that may occur are as follows: 1143 
 1144 
1. ODH condition with no leaks and ventilation/monitors are working properly 1145 
2. ODH condition with a gas/cryogen leak and ventilation/monitors are working properly 1146 
3. ODH condition with a gas/cryogen leak and ventilation/monitors fail to operate 1147 
 1148 
General Procedure for ODH calculations with active 1149 
ventilation or controls 1150 
 1151 

1. Establish a list of all pieces of equipment and credible failure modes that could 1152 
occur and produce an oxygen deficient environment 1153 
 1154 

2. Determine the probability of failure for each leak from tables 1, 2 and 3 in FESHM 1155 
4240 1156 
 1157 

3. Calculate the fatality factor for each specific failure 1158 
• Determine the leak rate of the inert gas into the environment 1159 
• Determine the oxygen concentration using the ventilation rate and the leak rate into the 1160 

environment with the proper equation in FESHM 5064 1161 
• Determine the Fatality Factor from FESHM 4240 Technical Appendix,figure 1. 1162 

 1163 
4. If applicable determine the ventilation failure rate. 1164 

 1165 
5. Calculate the fatality rate for each leak. For simple systems this is simply the 1166 

product of the leak probability times the fatality factor. For systems with active 1167 
ventilation components the ventilation failure rate must be factored in with the leak 1168 
rate and fatality factors as shown in the examples below. 1169 
 1170 

6. Sum the fatality rate for all credible leaks to obtain an overall building fatality rate 1171 
 1172 
Symbols and Terminology 1173 
This example is written in Mathcad. Equals is written as = or := 1174 
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Fatality Factor Calculation Example 1176 

 1177 
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Fatality Rate Calculations with Active Ventilation 1179 
 1180 
Failure probabilities and fatality factors are for example only. Equipment failure rates and 1181 
credible leak rates must be determined before this fatality rate calculation. For fans and 1182 
louvers, 1o2 nomenclature refers to one operates out of two installed, for example. Three 1183 
examples follow: 1184 

 1185 
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 1187 
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System with one possible leak and two standby fans 1189 

 1190 
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 1193 
 1194 
System with a continuous leak, constant fan and standby 1195 
shutoff valve 1196 
 1197 
In this example the fan failure may be detected by an air flow switch or oxygen sensor, 1198 
which would then be interlocked with the gas supply shutoff valve. The example shows the 1199 
calculation procedure only, equipment failure rates should be determined elsewhere. 1200 

1201 
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 1202 

6.6 ODH Analysis Cover Page 

See following page for ODH Analysis Summary, to be included in all documents.  
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ODH Analysis Summary 
Prepared by: Preparation Date:  
 
ODH Analysis Title:      
 
Lab Location:                      Lab Location Code (FIMS#): 
 
System description:  
 
Area boundaries:  
 
ODH Hazards present in the area:  
 
ODH Classification:   
 
Calculated total fatality rate Φ: 
 
Does the area need constant active ventilation?    Yes / No 
 
Does the area need on-demand active ventilation?    Yes / No 
 
Is status of the active ventilation electronically monitored?   Yes / No 
 
Minimal HVAC ventilation capacity (SCFM):  
 
Natural ventilation capacity (SCFM):  
 
On-demand building ventilation capacity (SCFM):  
 
All-time/demand recirculation capacity (SCFM): 
  
Number of ODH heads in the area:  
 
Are the ODH chassis monitored by FIRUS or any other control system? Yes / No 
 
Does an area specific Emergency Response Procedure exist?  Yes / No 
 
List adjacent area’s approved ODH analyses:  
 
Reviewed by: __________________________________________ 
 (Print Name and lab ID #) 

Signature:  _____________________________________________Date: _____________ 

(If Teamcenter electronic Workflow approval is used instead of a physical signature note this in the signature blank) 

D/S Head or Designee: ___________________________________ 
 (Print Name and lab ID #) 

Signature:  _____________________________________________Date: _____________ 
(If Teamcenter electronic Workflow approval is used instead of a physical signature note this in the signature blank) 
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