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1.0 INTRODUCTION

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

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

2.0 DEFINITIONS

ALARA (As Low As Reasonably Achievable) - The approachyto protection from hazards by
managing and controlling exposure to potential hazards (both'individual and collective) to the
work force and to the general public at levels asilow as is reasonable, taking into account social,
technical, economic, practical and public policy cansiderations. Asused in this Manual,
ALARA is not a hazard limit but a process which has the objective/of reducing hazards as far
below the applicable limits as.is reasonably achievable.

mmHg - a unit of measure of pressure based upoma liquid mercury column. The pressure
exerted by gravity at‘the base of a liquid mercury celumn n mm tall is n mmHg.

ODH Monitor - a device, usually/permanently attaghed to a structure, which monitors the
concentrationof 0xygen and alarms at a set'value. ODH monitors must be set to alarm at 19.5%
oxygen orfhigher and‘cambe used toyactivate other systems.

Operations,- activities, which are perfarmed in a specific area or location. Operations include
simply bemgin a specific location.

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

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

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

Oxygen deficiency hazard (ODH) operation - an operation which exposes personnel to an
increased risk of fatality in excess of 10”/hr due to oxygen deficiency. Unlike confined spaces,
ODH work spaces are generally designed for occupancy and provided with normal building-type
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access and egress. In addition, the hazard is primarily limited to oxygen deficiency which is well
understood and controlled through quantitative risk assessment.

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

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

SCBA (Self-Contained Breathing Apparatus) - a device worn byfrescue workers, firefighters, and
others to provide breathable air in a hostile environment. Ané§CBA typieally has three main
components: a high-pressure tank (e.g., 2200 psi to 4500 psi), ajpressure regulator, and an
inhalation connection (mouthpiece, mouth mask or facedmask)y connected together and mounted
to a carrying frame.

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

3.0 RESPONSIBILITIES

Division/Section heads or their designees have the responsibility of'implementing the
requirements of this chapter. This includes appeintment of'qualified persons to review, approve,
and maintain documentationfor ODH risk assessments underthe control of their organizations;
maintain records of reliability of ODH-associated equipment; and maintain records of incidents
which have resulted/dn-amoxygen deficient atmosphere, The risk assessment Engineering Note
shall be placed into Teamecenter.

Division/Segtion heads,or theirdesignees shall‘certify compliance with this chapter by approving
the risk assessment Engineering Note. The Teamcenter Workflow may be used to electronically
obtaindhe required approvals,and releasethe Engineering Note. Alternatively, approvals may
also‘be obtained by physical signature} scanned, and included with the Engineering Note. A
TeamcenterWerkflow must still be completed so that the Engineering Note is released. This
workflow need net involve the required approvers in the case of physical signature.

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

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

The Cryogenic Safety Subcommittee and/or the Mechanical Safety Subcommittee serve
division/section heads and the ESH&Q Section in a consulting capacity on ODH risk assessment
issues.
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The Industrial Hygiene Group of ESH&Q provides oversight and consulting on the technologies
and procedures for monitoring oxygen deficient atmospheres.

4.0 PROCEDURES

1. A quantitative assessment of the increased risk of fatality from exposure to reduced
atmospheric oxygen shall be conducted for all operations; which are physically capable of
exposing individuals to an oxygen deficiency. This assessment shalhassign an Oxygen
Deficiency Hazard Class to each area with potential risk as well @s'specCify any unusual
precautionary requirements. The classification of an area canghange depending on the
operations being performed. If conditions and/or activitiesi€hange in ways that significantly
increase the risk, the associated quantitative assessment must be accardingly revised,
reviewed and approved. The technical appendix entitledh!ODH Risk Assessment™ is to be
used in carrying out the assessment.

2. Control measures appropriate to the ODH Class'shall be implemented as stated in'the risk
assessment and Technical Appendix. ODH Class 01s the least hazardous. ODH Class 2 is the
most hazardous. The technical appendix entitled "ODH Control Measures” is to be followed
to control the potential ODH hazard:

3. Equipment at Fermilab shall be designed and installed (engineeredjto ensure that areas
intended for human entry during normal‘eperation will be ODHIClass 0, ODH Class 1, or
ODH Class 2. No area intended for human, entry/during nermal operation will be engineered
for an ODH Class higherthan 2. For Confined Space requirements (not under the scope of
this chapter), see Chapter 4230.

3.1. If an area cannot be engineered to satisfy reguirements leading to an ODH Class of 2 or
lower, the Division/Section Head responsible for the area must submit a written
exceptiomrequest to the Director-or Director’s designee. The request should include a
justification‘andhan evaluation of hazards, procedures, and safety measures. The request
must be approved by the Direetor or designee before operations contributing to oxygen
deficiency hazards:are begun.

4. The ALARA principle shall be applied. Occupancy of areas with oxygen deficiency hazards
should be limited to the extent practical while still allowing work to be performed
expeditiously.Werk in such areas should be planned to minimize the duration of occupancy.
Offices should not bed0cated in areas with oxygen deficiency hazards.

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

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

6.1. If one person is working alone in an area and his/her personal oxygen monitor alarms,
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6.2.

7.1.

7.2.

the person must immediately don a self-rescue supplied atmosphere respirator (escape
pack), evacuate the area, and dial 3131 to report an emergency.

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

Response to an alarm from an in-place oxygen monitor:

If one person is working alone in an area and an in-place oxygemmonitor alarms, and
his/her personal oxygen monitor reads greater tham19.5%, the person should evacuate
the area going away from the assumed source of'the alarm. After exiting, he/she should
notify the operations department responsiblgfor the area of the problem. He/she should
not re-enter until the problem has been solvedalf a persenal oxygen monitorhas alarmed
as well, the procedure of 6.1 should be followed.

If two or more people are working together, they should compare readings of personal
oxygen monitors. If all personal @xygen monitors read'OK, everyone should evacuate
the area going away from the assumed Source of the alarm. After evacuating, they should
notify the operations department responsible for. the area ofithe problem. They should
not re-enter the area until the problemihas been‘solved. If @ personal oxygen monitor
confirms low oxygenglevels, everyone'shotlld don an escape pack, evacuate the area, and
then dial 3131 tefreport amemergency.

Response to other tdieations of a possible cry@gen,or gas leak (vapor cloud, sound of gas

leak, etc.):

8.1.

8.2.

9.1

If oné personiis,working alone and hisfher personal oxygen monitor reads greater than
19.5%, he/she'should evacuate the area going away from the assumed source of the
problem. After exiting, he/she shetld notify the operations department responsible for
the area of the problem. If a personal oxygen monitor has alarmed, he/she must
immediately don a self-rescue supplied atmosphere respirator (escape pack), evacuate
the area, and dial 3131 to report an emergency.

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

Entry into an area with unusual oxygen deficiency hazards:

Any rescue must be conducted by emergency (Fire Department) personnel. If an area is
suspected to be oxygen deficient or to present an elevated risk for oxygen deficiency

Fermilab ES&H Manual 4240-6
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hazards, an unexposed observer and the use of SCBA equipment are required. Training
and medical approval are required for the use of SCBA equipment.

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

10. In general, ODH evaluation procedures and measures to address‘hazards in underground
installations are the same as those required for surface installations:\Hewever, time of egress
may be longer, inerting gases or cryogenic fluids may@ecumulate, and réscue operations may
be more difficult. All of these factors must be takenfinto account in analyses,and protective
measures.

10.1. If there are oxygen deficiency hazards and normal entrysand egress is by means other
than by foot, at least one egress path to a “safe;arga” which can be reached by foot
must be provided. The safe area must be free of oXygen deficiency hazards and
remain so during all plausible‘equipment failures. Ifithe,safe area relies upon
ventilation, emergency power mustbe'provided to its ventilation systems.

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

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

5.0 APPLICABLE STANDARDS

American’Conference'of Governmental Industrial Hygienists (ACGIH) 2005 Threshold Limit
Values(TLVs) for ChemicahSubstances,and Physical Agents & Biological Exposure Indices
(BETls) —Minimal Oxygen Content

Fermilab ES&H Manual 4240-7
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6.0 TECHNICAL APPENDIX
6.1 ODH Risk Assessment

The ALARA principle is to be applied to all areas with oxygen deficiency hazards. Any area
known to have an oxygen concentration <19.5% is considered to be an oxygen deficient area. All
areas intended for human occupancy at Fermilab shall have an environment or environmental
controls which will normally ensure that the concentration of oxygenaemains abovel9.5%. If an
area contains equipment or sources of inert gas which could lead tef@ significant decrease in
oxygen concentration, additional measures shall be taken to reduce risk.to personnel. The goals
of an ODH risk assessment are to evaluate the level of risk in@ given area, to classify the area
based upon the level of risk, that is, to assign an ODH Class,to the area, andito specify additional
safety measures to be taken to reduce risks.

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

The ODH Class is based upon the most Sewere risk: the likelih@ad, that a fatality will occur. Since
the level of risk is tied to the area and the natureyef the operation; the, fatality rate shall be
determined on an operation-by-operation basis. For agiven area and operation several events
may cause an oxygen deficiency. Each event'has an expected rate of occurrence and each
occurrence has an expected probability of causing.d fatality--The oxygen deficiency hazard
fatality rate is defined as:

¢:Zn:PiFi

wheére ¢ ="the ODH fatality rate (per hour),
P; = the expected rateef the ith event (per hour), and

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

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

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

The risk assessment should also consider the benefit of existing active control systems such as
forced ventilation or any supply shut-off valves which are automatically activated by area
monitor readings or system failure indicators. These systems must be designed to be activated

Fermilab ES&H Manual 4240TA-9
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before the area drops below 19.5% oxygen concentration. Although such systems or any forced
ventilation system reduces overall risk, they are also subject to failure and this shall be factored
into the risk assessment. This is accomplished by summing the expected failure rate of all
systems and the corresponding fatality factors for when those systems have failed. For example,
a fan which is triggered by a low oxygen monitor reading may not function properly because of a
power failure, inadequate maintenance, or the monitor's calibration drifting. Therefore, the
probability that these failures will occur and compromise the ventilation system shall be factored
into the overall risk assessment. Also, since the ¢ calculation for defining®©DH hazard is based
on untrained personnel using no special personal protection, the risk'assessment must assume
that personnel take no direct action in responding to ODH conditions.\For example, ¢ cannot be
reduced by assuming a person hearing an alarm will exit.

The value of Fi is the probability that a person will die ifghe’%it! event occurs, The value depends
on the oxygen concentration. For convenience of calgélation, an approximate relationship
between the value of Fj and the lowest attainable oXygen concentration has been‘developed
(Figure 1). The lowest attainable concentration is used, rather thaman average, since that
minimum value is conservative and the time dependence‘@fith® concentration is normally not
well known. If the lowest oxygen concentration is greater thaml8%, then the value of F;i is zero,
that is, all exposures above 18% are definéato be "safe™ and ta.net contribute to fatality. (Note,
this does not affect alarm set points. Alarms‘are'generated at 19.5% ©2 eoncentration.) Itis
assumed that all exposures to 18% oxygen or. lower doycontribute to fatality and the value of Fi is
designed to reflect this dependence. If the lowest attainablélexygen concentration is 18%, then
the value of Fi is 107. This value would cause @tafbe 107 per hour if the expected rate of
occurrence of the event were 1'perhour. At decreasing concentrations, the value of Fi should
increase until, at somefpeint, the probability of fatality becomes unity. That point was selected to
be 8.8% oxygen, thé concentration'at which one minute of consciousness is expected.

This curve.applies only't@ inert gasesafordther gases, physiological changes must be
addressed of‘a case-by=ease basis.

Fermilab ES&H Manual 4240TA-10
WARNING: This manual is subject to change. The current version is maintained on the ESH Section website. ~ Rev. 06/2018



e - FESHM 4240TA
2¢ Fermilab ES&H Manual

June 2018

1[] . F=10(6.5—Pl]2!1l])
e F=1 /
= 10°
D‘-'.'“~ 10‘1 \ /
® N /
= 107 AN
% 107 AN
= 10" N,
100 \\‘
= 10° \\
T 107
e Y -8 F=D

1[] % 135

0 20 40 60 80 100 120 140 160

273  Figure 1, Fatality Factor

274 Graph of the logarithm of the fatality factor(Ei) versus the lowesbattainable oxygen

275  concentration which can result from a given eventsT his relationship'sheuld be used when no
276  better estimate of the probability of fatality from a'given,event is avatlable. This relationship
277  assumes inert gas displacing oxygen, with no‘ether physielogical.influence from the gas itself.
278

279  Table 1, Fermilab Eq@tipment Failure Rate Estimates

System Failure Mode Failure Rate
Compressoxn Leak \ 5x10¢/hr
(Two-stage Mycom) Component rupture 3x107/hr
Dewar Losgof vacuum 1x10°%/hr
Electrical PowerFailure Time Rate 1x104/hr
(unplanned) Demand Rate 3x104/D
Time Off 1 hr

Fluid Line Leak 5x107/hr
(Cryogenic) Rupture 2x108/hr
Cryogenic Magnet Rupture 2x107/hr
Fermilab ES&H Manual 4240TA-11
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(Powered, unmanned)
Cryogenic Magnet Rupture 2x108/hr
(Not powered, manned)
Header Piping Assembly Rupture 1x108/hr

U-Tube Change

(Cryogen Release)

Small Event

Large Event

0-2

_3/D
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281 Table 2, Equipment Failure Rate Estimates
282
283 Failure Mode Median Source
284 Failure
285 Rate
286
287 | BATTERIES, No output a
288 | POWER (UPC)
289 | SUPPLIES
290
291 | CIRCUIT Failure to Operate a
292 | BREAKERS Premature Transfe a
293
294 | DIESEL
295 | (Complete Plant) Failure to Start on Deman 3x10-2/D a
296 | (Emergency Run Loads) Failure to 3x10-3/HR a
297 | (Engine Only) Failure to 0-4/HR a
298
299 | FANS 9x10-¢/HR i
300 | (fan, motor & starter) see Technical App.4
301 Frequency Drive see footnote k
302
303 1x10-6/HR a
304 1x10-5/D a
305
306
307 4x107/HR cd
308 1x10°/HR cd
309
310 | FLANGES
311 | With packing or ¢ eak, 10 mm? opening 4x107/HR cd
312 | gaskets Packing Blowout 3x10-8/Hr c
313 Rupture 1x109/HR c,d
314
315
316 | INSTRUMENTATION  Failure to Operate 1x10-6/HR a
317 Shifts 3x10-5/HR a
318 | (Amplification
319 | Transducers,

Fermilab ES&H Manual 4240TA-13
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Calibration,
Combination)
MOTORIZED LOUVER failure in continuous operation 3x107/HR j
failure to open on demand See Tech. App. 4
PIPING small leak, 10mm? 140/ meter-HR ¢
pipes>2”, large leak, 1000mm? 1x10"0/ meter-HR c
Rupture 3x10-11/meter-HR c
PIPE Welds small leak, 10mm?2 2x1011*(D/t)/HR c,e

D=Diameter
t=wall thickness

pipes>2", large leak, 1000mm?
Rupture

2x10%%(D/t)/HR c,e
ox10-3*(D/t)/HR ce

PUMPS Failure to Start 1x10-3/D a
Failure to Run - Normal 3x10-5/HR a
Failure topRun - Extreme Env. 1x10-3/HR a
RELAYS Failure to Energize 1x10-4/D a
Failure NO Contact to Close 3x10-7/HR a
Short Across NO/MC Contact 1x10-8/HR a
Open NC Contact 1x10-7/HR a
SOLID STATE DEVICES
HI PWR application Fails to'Function 3x10-6/HR a
Shorts 1x10-6/HR a
Low PWR application Fails to Function 1x10-6/HR a
Shorts 1x10-7/HR a
SWITCHES Limit: Failure to Operate 3x10-4/D a
Torque: Fail to OPER 1x10-4/D a
Pressure Fail to OPER 1X10-4/D a
Manual, Fail to TRANS 1x10-5/D a
Contacts Shorts 1x10-8/HR a
TRANSFORMERS Open CKT 1x10-6/HR a
SHORT 1x10-6/HR a
VALVES, Fails to Operate (Plug) 1x10-3/D a
Motor operated Failure to Remain Open 1x10-4/D a
External Leak 1x10-8/HR o f
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Rupture 5x10-10/HR o f
VALVES, Fails to Operate 1x10-3/D a
Solenoid operated
VALVES, Fails to Operate (Plug) 3x10-4/D a
Air operated Failure to Remain Open

External Leak

Rupture
VALVES, Check Failure to Open

Reverse Leak
External Leak
Rupture

VALVES: Rupture
Orifices, Flow
Meters, (Test)

1x10-8/HR

VALVES, Manual 1x10-4/D a
1x108/HR o f
5x10-10/HR o f
VALVES, Relief 1x10-5/D a
1x10-5/HR a
Vessels, | 8x108/HR b,gh
Disruptive Failure 5x109/HR b,gh
WIRES pen 3x10-6/HR a
Short to GND 3x10-7/HR a
Short to PWR 1x10-8/HR a
References

a) Legacy value, may be from NRC tables

b) Lees, Frank. Loss Prevention in the Process Industries, 1996. Print. page 12/97, and
Engel, J.R. “Pressure Vessel Failure Statistics and Probabilities” Nuclear Safety, VVol. 15,
No. 4 (1974): 387-399. Leak size based on possible crack size as the most common type

of vessel failure.
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c)
d)

9)

h)

)
K)

Taylor, J.R. Risk Analysis for Process Plant, Pipelines and Transport. 1994. Print.

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

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

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

Davenport, T.J. “A Further Study of Pressure \essel Failures in the UK. Reliability *91.
Ed. R.H. Matthews., table 5, page 96, quoting Smith & Warwick, include a{95%
confidence factor. Note that Davenport includes, air receivers, yet has a lower failure
rate than Arulanantham and Lees.

Smith, T.A. and Warwick, R.G.,¢Survey of Defects in Wessels Built to High
Standards”,Int. J. Pres. Ves. & Pipingy(2) (1974):283-322.3Referring to conventional
vessels relevant to Nuclear power plant; page 321

AICHE, “Guidelines for Process Equipment Reliability Data” with references to
a. |EEE Standard500-1984
b. Offshore Reliability Data Handbook
c. RADC Non'Electronic reliability notebook, Rome Air Development Center
d. Reactor Safety Study, (WASH 1400)
Eide, “Generic Compenent Failuré Data Base”, Table 3, referring to dampers

Fans.with variable freguency drives may use the same failure rates as fans with on/off
controNifinstalled properly. Proper installation includes adequate cooling, appropriate
wire sizesand possibly reactors. Proper installation must be documented with a signed
engineering note and/or a signed engineering drawing.
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Table 3, Human Error Rate Estimates

Est Error Rate (D) Activity

103

3 x103

102

3x103

1/x

101

101

5 x 1071

02-03

2m-T)x

Selection of a switch (or pair of switches) dissimilar in shape or location to
the desired switch (or pair of switches), assuming no decision error. For
example, operator actuates large handled switch rather than small switch.

General human error of commission, e.g., misreading label and therefore
selecting wrong switch.

General human error of omission where therefis no display in the control
room of the status of the item omitted, e.g.#failure to return manually
operated test valve to proper configuration‘after maintenance.

Errors of omission, where the items Being omitted are embedded in a
procedure rather than at the end a8 above.

Given that an operator is reaching forian incorrect switch (or pair of
switches), he selects a particular similar appearing switch (or pair of
switches), where x = the number of incorreet switches (or pair of switches)
adjacent to the desired switeh (or pair of switches). The 1/x applies up to
5 or 6 items. After that pointthéerror rate wouldibé lower because the
operator would take moretime to'search. With tp to 5 or 6 items he
doesn't expect to be wrong and thierefore iSmmbore likely to do less
deliberatesearching.

Monitér or inspector fails to recognize initial error by operator. Note: With
continuingyfeedback of the error omsthe annunciator panel, the high error
rate would'not apply?

Personnel on different work shift fail to check condition of hardware
unless required by ¢heck or written directive.

Monitor fails to detect indesired position of valves, etc., during general
walk-around inspection, assuming no check list is used.

General error rate given very high stress levels where dangerous activities
areoccurring rapidly.

Given'severe time stress, as in trying to compensate for an error made in
an emergency situation, the initial error rate, x, for an activity doubles for
each attempt, n, after a previous incorrect attempt, until the limiting
condition of an error rate of 1.0 is reached or until time runs out. This
limiting condition corresponds to an individual's becoming completely
disorganized or ineffective.
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466 A. ODH Assessment Equations

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

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

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

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

475 Case D. After release, with perfect mixing.

476 Case E. Stratification of inerting gases

477  The equation and its solution are given which are based on am 0xygen mass balance for the
478  confined volume. The following definitions and assumptions are common for each case:

479  Definitions

480 C = oxygen concentration

481 Cr = oxygen concentration,during the release

482 Ce = oxygen concentration afterthe release has ended

483 Q = ventilation sate.@fifan(s), (¢fm or m3/s)

484 R = spill rate into confinedhvolume(sefm or m?/s)

485 t = timeg(minutes or,seconds) beginning of release is at t=0
486 te =dIme when release has ended, (minutes or seconds)

487 V =confined volume, (ftdor m°)

488  Assumptions

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

491 *Q, R, and V remain Constant.

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

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

496

Fermilab ES&H Manual 4240TA-18
WARNING: This manual is subject to change. The current version is maintained on the ESH Section website. ~ Rev. 06/2018



497
498

499

500

501

502
503

504

505

506

507

508
509

510

511

512

513

514
515

516

o17

FESHM 4240TA
June 2018

2= Fermilab ES&H Manual

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

(1) V%—$=0.21Q—(R+Q)C

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

@ clt)= [%j[Q R e(QJRJi

Q+R
Case B During release - Ventilation fans(s) drawing contaminated atmosphere from the confined
volume with the ventilation rate greater than the spill rate (Q>R).
Differential equation for the oxygen mass balance
3) VZ—(t::O.Zl(Q ~-R)=QC

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

@) C(t)= 0.2{1—%(1—e3tn

Case C During release= Mentilation fans(s) drawingycontaminated atmosphere from the confined
volume with the ventilation rate lessithan or equal to'the spill rate (Q <R).

Differentialgquation for. the oxygen mass balance

de _

) ~ = RC

Solution with'the,boundary condition of C =0.21 att=0
R

(6) C(t)=0.21e V'

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

Differential equation for the oxygen mass balance

dC
(7) VE—O.ZlQ—QC
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Solution with the boundary condition of C = C; (te) at t = te

~Q it
@®) ct)=0.21-[o21-C, @t )]e V" "

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

Oxygen concentrations can be converted to partial pressures by:

©) PO,=CP,
where C = oxygen concentration
PO = oxygen partial pressure (mmHg)
Pa = atmospheric pressure (mmHQ)
(~ 740 mmHg at Fermilab)

Case E Stratification of gases - The effects of stratification be considered. The oxygen
concentration can vary depending on distanee

ventilation, time and other factors. In mostca i ative.assumptions regarding
mixing are more suitable than attempting a f : ati

may be reasonable to assume complete mixi g olume. Stratification should

not be used to reduce the rj
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B. ODH Hazard Classes

Once the ODH fatality rate (¢) has been determined, the operation shall be assigned an ODH
class according to Table .

Table 4, Oxygen Deficiency Hazard Class

ODH Class [4] (hr1)
0 <107
1 >107but <10
2 >105but <

Please note that areas intended to be entered by personnel rations must be
engineered to have an ODH Class of 2 or lower.

An area may be ODH Class 0, but rely on active
required ¢. These are defined as Engineered ODH 0 . risk assessment should
include a discussion of each of the following:
1. Significant potential sources of r
2. Mechanisms

A Spontaneous failures

B. Personnel-mediated failures

3.
4, Gas dynamics
A. Ventilation
i) Natural
ii) Forced
B. Stratification/Mixing
C. Diffusion
5. The bases used for conclusions.
Fermilab ES&H Manual 4240TA-21
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6.2 ODH Control Measures

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

1. Environmental Controls
A. Ventilation
1) Forced
ii) Natural, including air makeup
B. Monitoring
i) Area oxygen monitoring

ii) Cryogenic systems

2. Personnel Contrals
A. Posting
B. Entry control"(loeks, fencinghete:)s”
3. Emergency Procedures
4. Special Requirements
A. Self-rescue supplied atmospheric respirators (escape packs)
B. Unusual procedures
Fermilab ES&H Manual 4240TA-22
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Table 5, ODH Control Measures
ODH HAZARD CLASS Engir(l)eered 1 )
Environmental Controls
1. Warning signs X X
2. Ventilation X X

3. Area (Fixed) Oxygen Monitoring note1,2,6) X (note 1,2,6)

ODH-Qualified Personnel Controls

4. Medical approval as ODH qualified X
5. ODH training X
6. Personal oxygen monitor X (note 3)
7. Self-rescue supplied atmosphere resg

X (note 4)
(escape pack)
8. Multiple personnel in X
ODH-Restricted Per
9. Must not be ODH-exclu X X
10. OD i ini X X

X (note 3) X (note 3)
X (note 4) X (note 4)
(escape pack)

13. One-to-one escortby’ODH qualified

X (note 5) X (note 5)
personnel

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.
confined spaces.
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Note 2: Area monitors may be waived for temporary systems or operations at discretion of safety
review panel and approval authority.

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

Note 4. All individuals present in an ODH 1 or 2 area shall haveseady access to self- rescue
supplied atmosphere respirators (escape packs) unless it has been demonstrated that they do not
improve the probability of surviving an oxygen deficient atmosphere (€:g.,\when it takes longer
to put on and activate the respirator than it does to escapethe,oxygen deficient.environment).
Signage at the entrance to ODH 1 and 2 areas should_ indicate if carrying of self=xescue supplied
atmosphere respirators (escape packs) by entrants is required.

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

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

KEY TO ODH CONTROL MEASURES

1. Engineered ODH 0- anarearelying on active monitoring and ventilation to achieve the
ODH Class Olassification.

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

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

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

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

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

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

Area oxygen monitors may be used in place ofpersonal oxygen monitors where it has
been demonstrated that they provide an equal or superiar level of safety(e.g., where a
high background noise level makes the pefsonahoxygen monitor alarm imperceptible).
Area ODH monitors are set to alarm at the ODH limit 0f19.5% oxygen.

Care must be exercised in the selection and use of oxygen monitors. Most instruments
used in safety applications employ fuel cell type oxygensensors. These devices consist
of a diffusion barrier, a sensing electrode, aworking electradegand a basic electrolyte.
The amount of current generated is proportionabte.the amount of oxygen consumed.
There are two types of fuel cell sensors; capidlary porexane membrane barrier. The
former uses a narrowsdiameter tube through which oxygen diffuses into the sensor via
capillary action#The latter depends on the partial pressure of oxygen to drive molecules
through a membrane diffusion barrier into'the sensor. In 2001, ES&H personnel at JLab
discovered that the response of capillary typeweells can be non-linear when the displacing
gas is helium. The naturefofthiSinen-linearity is such that the output of the cell is higher
than_ itsShoulthbe in an‘axygen-defictent atmosphere. Therefore, alarms for a capillary
celFmonitor may hot go off until the oxygen-concentration falls below the linearly-
interpolation trip"point for the Instrament. This observation resulted in Fermilab
replacing its capillary eell monitors with membrane diffusion monitors. The non-
linearity effect appears to only occur when inerting gases have a lower molecular weight
than that of air.

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

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

Must not be ODH-excluded - This block of precautions shall only apply to individuals
who have not been classified as ODH-excluded by the Occupational Medical Office
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10.

11.

12.

(such individuals are classified as ODH-restricted). Individuals classified as ODH-
excluded shall not participate in any ODH Class 1 or greater operation.

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

One-to-one escort by ODH-qualified personnel - An escort can be provided in special
cases when the persons entering an area do not meet requirements (4) and (5).
Individuals shall be under the direct continuous supervision of mdiwiduals who meet (4),
(5), and (6) above. Note that escorted persons shall not have been designated as ODH-
excluded by the Occupational Medical Office. If not evaluatedby the Medical
Department, the escort assumes responsibility for judging whethenor not they believe the
fitness of the escorted individual would significantlysimpede escape from the ODH
operation in the event of an alarm. The rules faftour groups are listed below under
“ODH Area Tour Requirements”, which are@n exceptign to the one-to-onesescort
requirement.

At least two ODH-qualified personnel - Both (8) andi{(11) shall be followed when making

entry into an ODH area.

ODH Warning signs

Example designs of ODH signs are shown inikigure 2, whieh follows. Actual signs should be
large enough to be easily read. They shall be pested where‘they best serve to warn potentially
exposed individuals. Areasthat have active Engineered ODH'0 areas, where non-ODH trained
personnel may be present, must have signage to provide alarm response instructions (i.e.
evacuate upon alarnt).

CAUTION

OXYGEN DEFICIENCY HAZARD

THIS AREA RELIES ON ENGINEERED CONTROLS TO PREVENT OXYGEN O

DEFICIENCY HAZARDS. EVACUATE IMMEDIATELY UPON ALARM

ASPHYXIATION
HAZARD

CLASS O
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AUTIO

OXYGEN DEFICIENCY HAZARD

FRIOR TO ENTRY ALL PERSORNEL MUST HAVE THE FOLLOWING:
- A PERSOHAL OXYGEH MOMITOR
- A SELF-RESCUE SUPPLIED ATMOSPHERE RESPIRATOR
- DXYGEN DEFICIENCY HAZAHD) THAIMING

- MEDICAL APPROVAL FOR OXYGEH DEFICIEHCY HAZARD WORK

JAN

CAUTION

OXYGEN DEFICIENCY HAZARD

PRIOR TO EHTRY ALL PERSOMHEL MUST HAVE THE FOLLOWIHG:
- A PERSOHAL OXYGEH MOHNITOR

- A SELF-RESCUE SUPPLIED ATMOSPHERE RESPIRATOR

- QXYGEH DEFICIENCY HAZARD TRAINING

- MEDICAL APPROVAL FOR OXYGEN DEFICIENCY HAZARD WORK

- MULTIPLE PERSOHHEL IH CONTIHUOUS COMMUNICATION REQUIRED

Figure 2 - ODH signs
ODH Medical Surveillance

Medical surveillance shalbbe required to assure thatypersons engaged in ODH operations are
adequately fit to escape froman oxygem,deficient situation when properly warned. Hearing,
vision, cardigpulmenary function, ambulatory abilities and mental stability shall all be

considereddn this respect.

A three'level system of medical approval.shall be used which gives the greatest operational
freedomto those who are mast fit (Table 6). The Occupational Medical Office shall be
responsiblefor,designating the level of approval via the "Record Patient Visit" form. Personnel
who have not'heen reviewed by the Medical Department are considered "ODH-restricted."
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Table 6, Levels of ODH Medical Approval
LEVEL MEANING DURATION OF APPROVAL
ODH-Qualified Medically qualified to Typically 2 years based

participate in all ODH on the age and health

Class 1 or greater operations status of the worker
ODH-Restricted Medically qualified to Typically 2 years based

participate in ODH Class 1 on the age and health

and ODH Class 2 operations status offthe worker

when properly escorted
(see Table 5)

ODH-Excluded Prohibited from Until reclassified by the
participation in any ODH Medical'Department
Class 1 or greater operation

Procedures to Obtain ODH Medical Approval from the Medical Department
Fermilab Employees or contractors in the TRAIN database

1. Employees should contact the Oceupational Medical Offiee to determine if a medical
examination is necessary. In some'‘instanees, existing healthistatus information on file
with Medical is sufficiently current and complete to preclude the necessity for a pre-
approval exam. In the event that an exam is neededpan appointment can be made at the
time the employee contacts the Occupational Medical Office. Once an employee has been
ODH-qualified, itdsthe responsibility ofithat employee to notify the Medical Department
of any change.n their health or medications which may affect their ODH qualification.

2. If an employee i1Sfound to be medically qualified, that information shall be entered into
the TRAIN Database. ln maost cases, this entry will provide an adequate source of
information*for, controlling access t0°ODH operations.

Non-Employees (lncluding bsers)

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

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

3. If the non-employee is found fit, form 5 is completed and forwarded as "distribution™
indicates.
4. If the non-employee is found to be unfit for ODH work, the Occupational Medical Office

will report this information to the Fermilab representative using form 5.
5. Medical approval for non-employee ODH/SCBA will expire in 2 years.
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ODH Training

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

1. Normal Atmospheric Constituents

2. Effects of Exposure to Reduced Atmospheric Oxygen
A. Reduced Abilities
B. Loss of Consciousness
C. Death

Sources and Mechanisms of Reduced Oxygen
4. ODH Safety Procedures

A. Exposure Limit

B. ODH Classification Scheme

C. Required Controls
1. Oxygen Monitors and ThelnUse
2. Self-Rescue Supplied Atmospheré Respirators (escape packs)
3. Medical Surveillance
4. Other

D. Evacuation‘and,Rescue

For Lab employees, Supervisors should arrangefor ODH training through the ESH&Q Section.
For non-employees, arrangements:should be made by the Lab representative for the non-
employee. "SCBA" training shall be‘required for all persons who must wear an SCBA (taught by
the Fermilab, Fire Department), Trainipg records will be kept by the ESH&Q Section.

Emergency Evacuation and Rescue

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

Figure 3 below. SRSAR'stands for self-rescue supplied atmosphere respirator (escape pack).
Individuals who have 1eft an area due to an emergency may not re-enter until the emergency has
ended and the area is known to be safe. That determination is to be made by the Division Safety
Officer responsible for the area (or designee). Only the fire department is authorized to enter to
perform a rescue. Local plans may differ slightly from that shown here.
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ODH Area Tour Requirements

The following rules apply to guided tours through Fermilab ODH 1 and ODH 2 areas

1. Tour Purpose
a. Tours must be in support of Fermilab’s scientific mission.

FESHM 4240TA
June 2018

b. Tours for the general public are not allowed
Tours through Posted Controlled Areas

a. Guided tours may be permitted if the enclosure is in Superyisedor, Open Access Mode.
Every person entering the enclosure must have a key fogthat enclosure.

b. Guided tours are not permitted if the enclosure is in @ontrolled Access Mode

c. Access mode definitions are as described in the Fetmilab Radiological Control Manual.

Tour Coordinator and Escort Qualifications

a. The tour coordinator and all additional escorts shall*be up-to-date an @DH training

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

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

b. Tourists must be 18 years old or older.

Number of Escorts Required
a. All tour groups shall have a designatedhtour coordinator
b. The number of additional escortsi\required isthased tour group size as listed below:
i. Groups of less than 6 tourists neéd 1 additienalescort
ii. GroupsSofi6.to 12 tourists need 2 additional escorts
iii. Gfoups ofd3to 19 tourists need 3 additional escorts
c. Toursef 20 or more tourists are not permitted
Approvals

a. The Division Safety Officer(®SO) must approve of all tours through ODH areas.

b TourSimay have other safety considerations requiring separate approvals such as
radiologicahsafety or coenfined space entry. Consult the FESHM or Fermilab
Radiological Control Manual (FRCM) for other required approvals for other safety
hazards

Notifications

a. The DSO shall netify the Main Control Room and Fermilab Fire Department of the tour
coordinator, number of additional escorts, number of tourists, tour date and time, and the
locatiomof the tour being conducted

In-place oxygenimonitoring and ventilations systems

a. Tours ape prohibited if any component of the oxygen monitoring system or ventilation

system is known to be inoperative or malfunctioning
Personnel Protective Equipment

a. All tourists are required to carry the same personnel protective equipment that a Fermilab

employee would be expected to carry in the enclosure

10. Tour Briefing Minimum Contents

a. Brief description of the area to be toured
b. Exit locations and routes
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Any strenuous activities, such as long distances or stairs, required to make an exit
should be emphasized

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

c. Personnel Protective equipment

Explain how to use personal oxygen monitor. Check calibration dates.
Explain how to don escape pack (if applicable). Check pressure gauges.

d. Prohibited Areas

Tour routes shall always maintain a clear route oféegress in case of emergency
Tour groups may be prohibited by the DSO frem entering areas of the enclosure
that cannot be quickly evacuated in the event of an‘emergency

e. Emergency Procedures

The emergency response proceduresdistechin section 5.0°0f this chapter remain in
effect for tour groups. Dial 313140 report the emergency afterevacuating the
enclosure. Only the Fermilab firexdepartment may enter an enclosuresvhile an
oxygen monitor is alarming.
The entire tour group should immediately proceed*out the nearest safe exit if any
of the following events occur:

1. Asingle oxygen monitor alarms

2. Electrical power outage

3. Indication of alleak (vaporcloud, sound of gas leak, etc)
The entire tour group shauld donthe eseape packs and immediately proceed out
the nearest safe exit if any\ef the following events occur

1“Tworor more oxygen monitors alarm

2. Indication of a leak (vapor cloud, sound of gas leak, etc) and a single

oxygen monitor alarms

The'emergencysevacuation path should always keep the tour group moving away
from the assumed souréeiofith€ leak. The nearest safe exit is the closest exit that
does not require passing through the leaking gas or vapor
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6.3 FIRUS Reporting of Alarms for ODH Areas
DEFINITIONS

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

Engineered ODH 0- an area relying on active monitoring, ventilatiop’and other control measures,
for example isolation of leak sources, to achieve the ODH Class @'classification.

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

FIRUS Emergency condition for Engineered ODH"Q oecurs for sensor indication'<18% oxygen.

ALARM MONITORING REQUIREMENTS FOR ENGWNEERED ODH 0 AREAS

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

Active ventilation, and in some cases, isolation\fropi'the sourcesof oxygen displacing gas, are the
engineered ODH control measures, which maybé additionally designed for a specific ODH area.
Such additional ODH gcontrol measures are required for the Engineered ODH 0 areas. Such need
for active ODH control measures combined with the reduced personnel control and protection
measures per ODH 0 class areas, for.example allowing access of personnel without formal
current ODH training and ODH.medical qualification, necessitates a higher level of alarm
handling compare to ObH 1 and @DH 2 areas,‘most importantly reporting ODH alarms via
FIRUS.

Reporting @DH alarms via EIRUS for Engineered ODH areas

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

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

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

Testing

Engineered ODH 0 ventilation system control shall be periodically tested (manually or
automated). Sufficient instrumentation, such as fan flow switchesgShall be provided for
verification of results. The testing time interval shall be include@ as'part of the review
(Reference TA section 6.4). The interval between testing shall not exceedsix months. An
automated test failure shall be reported as FIRUS Messagé Protocol TROUBLE directing
response to personnel charged with ODH response respensibilities. Typical response may
include initiating fan maintenance. The provisions @f this section if manually campleted must be
addressed in the documentation for FESHM 5032°Cryogenic Systems Review, maintaining safe
operations.

Out of Service Policy

The ODH analysis shall identify active ‘QDH, equipment whose _#function is required for
maintaining Engineered ODH 0 hazard class. frequired equipment is out of service, the area
immediately must be re-posted to the hazard €lass indicatethby the‘analysis.

Power Outage

The ODH analysis shall ‘eonsider the function of‘active ODH equipment during power outages
and the effect on maintaining, Engineered ODH 0 hazard class. Personnel shall evacuate the area
unless analysis demonstrates active functionyef,@DH equipment is maintained. In the event of a
power outage affectingyactive ODH equipmentin Engineered ODH 0 area, personnel may enter
if they have ODH training, personak oxygen monitor, and escape pack as defined in FESHM
4240,

ALARM MONITORING REQUIREMENTS FOR ODH 1 AND ODH 2 AREAS

ODH Area OxygemsSensor heads in ODH 1 or 2 areas alarms may go to FIRUS as TROUBLE
indication. These senser head alarms should go to a control system for monitoring and
notification.

TRACKING AND NOTIFICATION POLICY

Reports of FIRUS ODH alarm occurrences will be complied and sent to Cryogenic Safety
Subcommittee Chairperson for bi-monthly reporting at CSS meeting. The purpose of the report is
for CSS to be notified about real and false ODH events which generate a FIRUS response.
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PREFERRED Alternative 1 Alternative 2

ODH Chassis FIRUS ODH Chassis FIRUS
Alarm Alarm
At 19.5% At 18%

Control system output Control system output
At 18% At 18%!
to FIRUS channel to Alarm Handling

Output #1 Output #2 with 24/7 operators

FIRUS ALARM
EMERGENCY EMERGENCY
Comm Center Operator
Calls Fire Dept Calls Fire Dep
& Cryo Expert & Cryo Expert

FIRUS TROUBLE
Comm Center calls
Cryo. Expert

Conduct Cryo Conduct Cryo Inform Fire
Investigation Investigation Department

Figure 4: FIRUS i ed ODH 0 Class areas

s of %0 at sea level, the preferred index of hazard is
D> is used here to maintain consistency with the “readouts™ on

exposed to reduced
contains a list of so ese effects and the sea level oxygen concentrations at which they
occur. At higher altitudes the same effects generally occur at greater volume concentrations since
the partial pressure of oxygen is less. If exposure to reduced oxygen is terminated early enough,
effects are general reversible. If not, permanent central nervous system damage or death result.
Major effects hindering escape from the vicinity of an oxygen deficiency are disorientation and
unconsciousness. Figure 4 is a plot of time of useful consciousness versus percent oxygen for
seated individuals at sea level. For active individuals, the threshold for unconsciousness is 13%.
Figure 5 shows the effect of oxygen deficiency on breathing, “error” rates, and vision.

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

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

Table 7, Effect Thresholds for Exposure to Reduced Oxygefi

Effect Thresholds for Exposure to Reduced Oxygen

(Seated Individuals atSea Level)

Volume % Oxygen Effects

17

16
15

12

10

Night vision reduced. Increasedybreathihg volume. Accelerated
heartbeat.

Dizziness. Time'required for novel tasks doubled.

Impaired attentiorn.), Impaired judgment. Ifpaired coordination.
Intermittent breathing. Rapid fatigue. Loss of muscle control.

Very faulty judgment:\Véry poor muscular coordination. Loss of
cofisciousness. Permanent brain damage.

Inability tomove. Nausea, Vomiting.

Spasmodi¢ breathing. Convulsive movements. Deathin5 -8
minutes.
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Figure 5, Time to Unconsciousness

Approximate time of useful consciousness'as afunetion of oxygen .concentration for seated
subjects at sea level: Open squares and circles,- duration of .useful gonsciousness, Open triangles
- time to coma, Filled triangles - threshold for'unconsciousnessyFilled circles - time to

uNconsciousness.
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Figure 6, Other Effects of Oxygen Concentration
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Other effects as a function of oxygen concentration for seated subjects at sea level: Filled squares
- volume of air breathed as a function of time, Filled diamonds - error rate (inverse of test scores
for judgment, memory, and discrete movements), Open squares — required minimum

illumination to see the same detail
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Rationale for Table 1: “Fermilab Equipment Failure Rate Estimates”
Author: B. Soyars, January 26, 2000
Failure rates reaffirmed by J. Makara, June, 2012

Table 1 in Chapter 4240 gives equipment failure rates based on Fermilab experience for
a variety of systems. Rates are primarily based on data developediby the
AD/Cryogenics Department. The large scale of this departmeit’s system allowed for
many hours of operating time and experience. It's expected that,similar systems in other
departments will behave similarly. Differentiation will be madebetween a “leak” event
and a “rupture” event.

1. Compressor (Two-stage Mycom)

The most typical ODH events related to conipressoxs are leaking lines. A typical event
is a leak in the 3/8” oil control lines for slider positioning, which leads to 6il, oil mist,
and helium venting within the compressor building. This,has occurred about 8 times
resulting in about 5 ODH alarms. It's'sémewhat questionable whether it was low
oxygen or the presence of oil mist that'set'offithe alarm, but'singe/inerting gas is present
in carrying the mist, assume the alarm response was real. All these events had potential
for causing ODH conditions and therefore\willde talliedhas*ODH events. Another less
common reason is the opénifig,of unvented pockets during maintenance. This has
happened perhaps twice. It's possible that compressor building ODH events could be
under-reported sirice these non-eryogenic events typically have little or no impact on
accelerator operations. Thus, it/seems plausiblé to increase the leak event total number
by 50%, from 10;to 15. Therethave beenlthrowigh January 1999 125,000 hours with the
He headerfsystemilive,and compressors operating. Then, for leaks:

=5x10° /hr

. 15
failtre rate - :
(L.25%10° hi)x 25 cmprs

A similar numbenfor rupture is more difficult to determine since no real rupture events
have been recordedaNevertheless, by assuming one rupture failure, an upper limit to
this failure rate can be estimated:

failure ratez( 1 =3x107 /hr

1.25x10° hr)x 25 cmprs

2. Dewar

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

=1x10° /hr

failure rate = ; L
(4.8><10 hr)><20dewars

This predicted value rate matches what was originally'used in Table 1)indicating that it
seems to be a fair value to use for dewar failure gates. Further laboratory experience can
be considered in a more anecdotal fashion. A fewpother similar failures havéjeccurred
during the 30 year lab history. About two more celdyshock failures have ocetirred, and
about two more 500 liter portable dewars have lost vaed@tm (one at Lab 2 when
dropped from a truck, another in the Village). Consider then five failures for 20 dewars
in continuous service during a 30 yea¥ period. This produces,a failure rate identical to
the above calculation. This supports the.abavéanalysis being ifideed typical.

3. Electrical Power Failure
The original Table 1 giges this failure rate asil E-4 /hr,and 3 E-4 /demand.

This existing time/failure rate comes out to abaut? per year, which is in agreement with
experience.

4. Fluid line (Cryogenic)

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

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

105,000 hrs x 24 bldgs x 25 ftg/bldg = 63x10° ftg - hrs

failure rate = ﬁe =5x107 /hr
63x10
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Rupture failures, such as a bayonet blowing out, are more difficult to determine since
no real rupture events have been recorded. Nevertheless, by assuming one rupture
failure, an upper limit to this failure rate can be estimated:

failure rate = 1 —— = 2x10°% /hr
‘63><10 hri

5A. Magnet (cryogenic)

Let’s look at magnets under two separate conditions. First&onsider cold and powered
magnets. Personnel are not working near the magnets uider thesecircumstances. Up to
January 1999, there have been 63,000 hours of Tevatrdn system poweted conditions.
There have been 11 magnet spill events mostly, ifgot all,’due to single=phase rupture to
vacuum from an electrical fault. Then magnet “powered,sunmanned” failuke rate is:

failure rate = 11 =2x10" /hr
63000 x 1000 magnets

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

A separate condition for the magnets are whenthéyare not powered. This assumes that
manned activity is occurring around the magnets whichreither are cold, or are warm
with inerting gases present. These conditions have produced 2 potential ODH events.
Both of these recorded failures were magnet' Kautzky valves getting hit. In fact, the
valves remained irftact'and no spill occurred; but nonetheless, since there was potential,
these have been counted as ODHyevents. There have been 89,000 hours of Tevatron
system not poweted. Thenmagnet “notipowered, manned” failure rate is:

failurefate = g =2 x10% /hr
89000 x 1000 magnets

6. Header, Piping Assembly

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

failure rate = 3 =1x10% /hr

125000 x 70 x 24
7. U-Tube change

Procedures reduce the ODH impact of problems during U-tube
the exposure to large sources. For example, isolation valves
depressurized before the pull. So when problems or failur,
procedurally been prevented from falling into the OD
AD/Cryogenics doesn’t really offer any ODH statisti

ges by minimizing

closed and the system

occurred, they have
ory. Thus,

ebruary 22,
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1088 6.5 Standby Equipment Failure on Demand and Sample Calculations

1089 Failure on Demand Rates for Standby

1090 Ventilation Equipment
1091 10/20/2014

1092 R. Schmitt
%8% Introduction

1095 ODH analyses at Fermilab frequently rely on standby ventilation,systems. The'reliability of
1096 any standby system depends on the test period. This calculation‘'shows the probability of a
1097 failure on demand for fans and motorized louvers. The equations are from David Smithy
1098  Reliability, Maintainability and Risk, and it assumes that the units are unavailable for halfof
1099 the test period.

1100

1101  Some buildings have multiple fans which are all be requested-to’staft during an event.
1102  There is a probability that all fans start and their combined flow rateyalong with the leak rate
1103  determines the oxygen concentration. Ther&is another probablility‘that.some fans will fail to
1104  start. If less than the full number of fans is running;then the ventilation and resulting

1105 oxygen concentration would be lower. The same situation exists for motarized‘louvers.

1106
1185 Nomenclature

1109 e A.fanis the probability’of a fan failing while rufining continuously.
1110 ¢ A.ouver is the probability of.a motorized louver failing while running continuously
1111 e Test.period is the time between|operational tests
1112 e nis the number offans installed
1113 e mis the number of fansistarting y
1114 e F.FOD.famstedl is the failure on demand forene fan where one is installed
1115 e F.F@D-fan102 is'the failure on demand for one fan starting where two are installed
1116 e F{FOD.fan 103 isithexfailure on demand for one fan starting where three are installed
1117
1118 Failurefom demand caleulatign for standby fans or louvers
n+l-m
Testperiod _ . . .
T-Xlﬂ Failure on Demand with 'm’ units starting out
F (m,n) = of 'n’ units installed
Fll (n+1—m)!
1119
1120
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1121 Fan Failure on Demand Chart

-6 1
X =9x 10 - —
fan hr

Fan Failure on Demand vs. Test Period
-1
110 .

FFOD fan 1o1(Test-day) 110 7”_7
En.rm oo Test-day)  1x107° /

ED.faﬂ.zoE(TESt-day) 110~ ¥ /;/_/
FEQD. fan 203(Test-day)  1x10° 3 //

y 1x1078
FEOD fan 303(Test-day) //
=107’

110”8
ox10" 610" 1.2x10° 184107

Test

Test Pertod, Days

Motorized Louver Failure on Demand chart

N 3. 107 7 1 louver failure rate including maotor, starter and fuses. Not including
louver = 7 * “hr  Power supply

Louver Failure on Demand vs. Test Period
11072 |

. -3
FroD 1ouver 101(Test-day)  1x10 ———

_4
FFOD louver.102(Test-day) 110 /"

B — 5
FEQOD louver 202(Test-day)  1<10° ¥

6

FFOD louver 203(Test-day)  1¥10
. J _f

11077
FFOD louver.303(Test-day) /"'/:_,/""r
1=x10” ¢
o

=10~
010" 610

1122 Test
1123

1.2x10° 1.8¢10°

fan failure rate including motor, starter and fuses. Not including power supply
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Reference

David Smith, Reliability, Maintainability and Risk, page 95, for system unavailability with
standby units. Table 8.6. These equations assume that the equipment is unavailable for half

of the test period.

8.1.4 Systems with cold standby units and repair

Cold standby implies that the redundant units, when not required, are not in use and thus have
zero failure rate. Similar logic can be applied to derive expressions for standby scenarios
whereby one redundant unit is not activated until needed. A zero failure rate in the dormant

state is assumed.

In this case the failure rate becomes (n — 1) A because only m — | are available to fail. The
failure rate for the second failure is the same because the standby unit has been activated and
iz thus (m — 1) A. Thus the probability of the second failure is (n — 1) A. unit down time, The
system failure rate is thus:

(n = 1F AT MDT,y

This leads to Table 8.6 for the system unavailabilities.

Toble 8.6 System unavailability (up 1o 3 units in standby, ie.n =4, m=1)

MDT= mean down time=

LI B |

T=test period

i. = operatingfailurarate

| h MDT
r 4
MNumber 2 | MMDrE/2 2 MoT repair time could
of units, n be added to T
A MDT3/6 202 MDT2 3% MDT
4 | MMDT4/24 | 453 MDT/3 oAZ MDT2/2 45 MDT
1 2 3 4
MNumber required 1o operate, m
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ODH Fatality Rate Calculation examples
with active ventilation or valve controls
R. Schmitt
10/20/2014

Introduction

The use of cryogens can create an oxygen deficient environmentthrough equipment failures
or leaks. To mitigate the risk of these failures, ventilation fans'and detection monitors are
commonly installed. These safety features help detect low/xygen concentrations and
provide fresh air. However the ventilation and detectorsf€an also fail to operate when needed.
Performing ODH fatality rate calculations for ventilation scenatios requires all situations to

be accounted for that can put people at risk. Three scenarios that may occur are as follows:

1. ODH condition with no leaks and ventilation/monitors are working properly
2. ODH condition with a gas/cryogen leak and ventilation/monitors are working properly
3. ODH condition with a gas/cryogen leak and\ventilation/monitors fail t0 operate

General Procedure for ODH calculations withyactive
ventilation or controls

1. Establish a listof all pieces of equipment and credible failure modes that could
occur and preduce an, oxygen deficient environment

2. Determine the probability of failure for €ach leak from tables 1, 2 and 3 in FESHM
4240

3. «Calculate the fatality factor for'each specific failure
e Determine the leak rate of the inert gas into the environment
e » Determine the'oxygen concentration using the ventilation rate and the leak rate into the
environment with the proper equation in FESHM 5064
o ‘Determine the Fatality Factor from FESHM 4240 Technical Appendix,figure 1.

4. If applicable determinéthe ventilation failure rate.

5. Calculate the fatality rate for each leak. For simple systems this is simply the
product of the leak probability times the fatality factor. For systems with active
ventilation components the ventilation failure rate must be factored in with the leak
rate and fatality factors as shown in the examples below.

6. Sum the fatality rate for all credible leaks to obtain an overall building fatality rate

Symbols and Terminology

This example is written in Mathcad. Equals is written as = or ;=
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1176  Fatality Factor Calculation Example
3
Release; = 100 — leak rate of inert gas into a volume, cubic feet per minute
1
Pt3 ventilation rate with one fan, cubic feet per minute
Qfan.l = 300—_
nmin
ft3
Qg o = 600 — ventilation rate with two fans, cubic feet per minute
.= min
: ) FO2-135 This equation calculates the
FatalityFactor(FO2) = | PO2 « 180 Fatality Factor, which can also
_ ) - be found on the chart in FESHM
out +— 1.0 lf PO2 <65 424{]? FIQUI'E .1_
0 if PO2 > 135
POD This equation is referenced later
.5? in the examples.
10 otherwise
The Fatality Factor is unitless.
out
ce oot Release, o FESHM 4240 Case C, determines the
fanl -~ Vo Q¢ - fraction oxygen concentration for a fan drawing
an.1 contaminated air from the building.
Release;
Cay = 021/ 1 = ——— | = 0.175
Qfan 2

3

Fatalir_r,'Facmr['Cfanl} =10x 10 Fatality factor with one fan running

7

FatalityFactor( C 0 ) = 2371 x 10 Fatality factor with two fans running

1177
1178
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Fatality Rate Calculations with Active Ventilation

Failure probabilities and fatality factors are for example only. Equipment failure rates and
credible leak rates must be determined before this fatality rate calculation. For fans and
louvers, 102 nomenclature refers to one operates out of two installed, for example. Three

examples follow:
Simple system with one possible leak and one standby fan

Equipment failure rates
Probablility of a leak, per hour, found in

Pl = 1110 S.i FESHM tables 1,2 or 3
910" ] Probability of fan failure rate per hour while running, including
Pepr = - motor, starter and fuses. Not including power. Found in
' hr FESHM 4240 tables or Appendix
4

Prrop = 7610 Probablility of a single standby fan failure on demand, unitless

3

PODH.FOQZ= 4.86-10° Probability of ODH alarm system failure on demand, unitless

P = 1-10'4-

power failure ° Probability of power failure, per hour, per FESHM 4240, table 1

1
hr

Standby Fan system failure on demand

3
PventFoD = PrFoD * Popr Fop = 362 ¢ 10

Probablility of leak occuring and fan |system fails on demand or power
fails

P1 is the probablility of a leak occuring and the standby ventilation does not start or power
fails

1 _ -1 1
Py = |:Pleak'h1'{Pvent_F0D - Ppower.failure'hr_)'g} =572x 10 E
P2 is for the leak occunng, the ventilation starting then failing while running or power fails

. 1 -12 1
Py = |:Pleak'h1'|:(l - Pvent.FOD_]'PF.FR'hI * Ppower.f:li.lure'hﬂ'g} = 1089 x 10 "~
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F3is the probablility of a leak occuring and ventilation not running
-11 1
P3 =P +Pp=5829x 10 =
§ = hr

P4 is the probablility of a leak occuring and the ventilation starting and running

. -01
P4 = [xpleak - P3} =9942 x 10 E

Fatality Factors are based on the expected oxygen concentration

FFleak no fan = 1

: . _5
FFleak one fan = F:{tah’ryFa::tor[‘Cfﬂnl} =10 10

Fatality Rate for this leak
The fatality rate 1s a product of the condition probablity and the associated fatality factor.

_ -11 1
FRleak2 = P3-FFleak no fan * P4 FFleak one fan = 2-928 x 10 E

which can also be wntten as

FFlmk_no.fﬂn -11 1

FRyeaic = (P3 Py :]-{ J= 5928 x 107~

FFleak one fan
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System with one possible leak and two standby fans

Equipment failure rates

8

Plegk = 1 % 10 ™ Probabilility of a leak

1
hr
probability of fan failure rate while running, including mator,

61
E starter and fuses. Not including power

7 probablility of one fan, 102, failure on demand

PFFOD.102 = 2910

3 probablility of both fans, 202, standby fan failure on demand

PEFOD 202 = 1:5-10

PopHFOD = 486 % 10 3 Probability of ODH alarm system failure on demand

4

=1x%x10 -

Ppower.failure = Probability of power failure

1
hr

Standby Fan system failure on demand

3
Pient FOD 102 = PFFOD 102 * PoDH FOD = 486 * 1o
2 =P P 6.36 m"3
vent.FOD.202 = *FFOD.202 ¥ TODH.FOD = ®-°0%
Probablility of leak occuring & fan system fails on demand or power

fails

P10 is the probability of a leak occuring and one fan fails
11

.1 — 1
Pio= [Pleak'm'{Pm'ent.FGD.IOE * Ppcwer.faﬂure'hI_]'E} =496 10 e

P11 is for the leak occunng, the ventilation starting then failing while running or power fails

12

1 — 1
Pi1= [Pleak'hf'[{l ~ Pient FOD 102) PEFRBr + Ppower.failure'hr]'a} = 1.09x 10 e

P12 is the probability of a leak occuring and one fan not starting or running
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- —11 1
P12 = PIO + Pll = 5069 x 10 E

P13 is the probablility of a leak occunng and the both fans fail or power fails

1 — -11 1
Pis= [Pleak'm'{Pm'ent_FODQoQ + Ppower.failure'h't,]'g} =1.794x 10 Py3=0646x10 T

P14 is the probability of a leak occuring and both fans start then both fail while running

) 1 -12 1
Ply= [Pleak'hrﬂ_l - pvent.PDD.QoQ}'PF_FR'z'hI + Fpower.fﬂﬂure'hr:ﬂ'a = L179 x 10 E

P15 is the probablility of a leak occuring and ventilation not running
-111

P]S = F13 + qu_ = 6578 = 10 -—

P16 is the probablility of a leak occuring and all ventilation starting and running

. o
P16 = (Peak ~ P12 ~ P15) = 9884 x 10—

=

Fatality Factors are based on the expected oxygen concentration

FFleak no fan = |

; -5
FFloak one fan = FatalityFactor{Cg 4} = 10 x 10

: \ —7
H%k_m.o_ﬁms = FatalityFactor( Cg, 5] = 2.371 x 10

Fatality Rate for the leak

The fatality rate is a product of the condition probablities and the associated fatality factors.

FRlcak.lfan.system = P14 FFeak no fan * P12 FFleak one fan * P16 FFleak two.fans

12

- 1
FRieak 2 fan system = 1-186 x 10 e
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FRleak.lfan.system:= [~P14 P1o Plﬁ}" FF|eak one fan

System with a continuous leak, constant fan and standby

shutoff valve

| FFleak no fan )

\ FFleak two fans

=1186x 10

In this example the fan failure may be detected by an air flow switch ogoxygen sensor,
which would then be interlocked with the gas supply shutoff valve. The example shows the

calculation procedure only, equipment failure rates should be determined elsewhere.

Equipment failure rates

Pleak continuous = 1

-6 1
PEFR=9X 10 E

-3

-3
PopH Fop = +86 % 10

=1x10 41
hr

Ppower.failure

Probablility of a leak

probability of fan failure rate while running, including motor,
starter and fuses. Not including power

probablity of a solenoid valve failing to operate

Probability of ODH alarm system failure on demand

Probability of power failure

Gas shutoff system failure on demand

Pshutoff FOD = Psovrop + Popr rop = 286 % 10

Probablility of ventilation stopping and shutoff system failing

P20 is the probability of ventilation failing due to fan failure or power outage

1 -
P20 = [{pFFRhI “+ Fpo“rﬁ_fﬂilme-h[]-a} =1.09x 10 -

3

11
hr
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P21 is for ventilation stopping and the shutoff system not operating

7

1 -7 1
PE]. = [PED'M'{PEMMEFDD}'E} = 6387 x 10 E

Fatality Factors are based on the expected oxygen concentration

Freanon =10

FFean stops.gason 1

Fatality Rate for the leak
The fatality rate is a product of the condition probablity and the associated fatality factor.

-7 1
FRieak continuous = PEI'PFfaﬂ.smps.gasm = 0.387 x 10 E
1202
6.6 ODH Analysi
See folloy C IS 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 @:

Does the area need constant active ventilation? Yes/

Does the area need on-demand active ventilation? Yes/ No
Is status of the active ventilation electron monitored? Yes/ No
Minimal HVAC ventilation capacity (SCF

Natural ventilation capaci

On-demand building

Are the G i ite S or any other control system?  Yes/No
Does an area Specifi Yes/ No

List adjacent area’s 2 d 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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