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This doaument provides guidance to the owner or operator of processes covered by the Chemical Accident
Prevention Program rule in the analysis of offsite consequences of accidental releases of substances regulaed
unde section 112(r) of the Clean Air Act. This document does not substitute for EPA's regulaions, noris it
aregulaion itsef. Thus it cannotimpose legdly binding requiremerts on EPA, States or the regulated
community, and may not apply to a particular situation based upon the circumstances. This guidance does
not conditute final agency action, and EFA may changeit in the future, as appropriate.
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TABLE OF POTENTIALLY REG ULATED ENTITIES

Thistable isnot intended to be exhdive, but rather providesa guide ér
readers regarding entitiedikely to be egulated unded0 CFR part 68. This
table lists the types of entities that BPA is nowaware could potatially be
regulated by thigule (see Apendix Bof the “Generl Guidance ér Risk
Management fobgrams for a moe detailed li of potentially afected MICS
codes). Othe types of entities not liged in thistable could al® beaffected. To
detemine whetheryour facility is coveed by the isk management pigram mles
in part 68, you $iould caefully examine the applicability deria discussed in
Chapterl ofthe Geneal Guidance and in 40 ER 68.10. If you have qué®ns
regarding theapplicability of thisrule to a paticular entity, call the
EPCRA/CAA Hotline at 800) 4249346 TDD: (800)553-7672)

Category NAICS |SIC Examples of Potentially Reguated
Codes Codes Entities

Chemicd 325 28 Petrochemicds

manufacturers Indugrial gas

Alkalies and dhlorine

Indugrial inorganics

Indugrial organics

Pladics ard resins

Agricultural chemicals

Soap, deaning mmpounds
Explosives

Miscellaneous chemical manufacturing

Petroleum refineries 32411 2911 Petroleum refineries
Pulp and paper 322 26 Paper mills

Pulp mills

Paper produds
Food pocessors 311 20 Dairy produds

Fruits and vegetables

Mesat produds

Seafood poduds
Polyurethane foam 32615 3086 Plastic foam produds
Non-metallic mineral | 327 32 Glass and glass produds
produds Other nonmetallic mineral produds
Metal produds 331 33 Primary metal manufacturing

332 34 Fabricated metal produds
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Category NAICS |SIC Examples of Potentially Reguated
Codes Codes Entities
Machiney 333 35 Indugrial machineay
manufacturing Farmmachiney
Other machinery
Computer and 334 36 Electronic equipment
electronic equipment Semicondudors
Electric equipment 335 36 Lighting
Appliance manufacturing
Battery manufacturing
Trarsportation 336 37 Motor vehicles ard parts
equipment Aircraft
Food digributors 4224 514 Frozen and refrigerated foods
4228 518 Beer and wines
Chemical distributors | 42269 5169 Chemical wholesalers
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5984
Warehouss 4931 422 Refrigerated warehouses
Warehous storing chemicals
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Wastavater treatment | 22132 4952 Sewerage systans
56221 4933 Wastevater treatment
Wastetreatment
Electric utilities 22111 4911 Electric power generation
Propaneusers Manufacturing facilit ies
Large ingtitutions
Commercia facilit ies
Fededl facilities Milit ary installations

Department of Enegy installations
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1 INTRODUCTI ON
11  Purpos of this Guidance

This doaument provides guidance on howto condud the offsite consequence analyses for Risk
Managemen Programs requiredunde the Clean Air Act (CAA). Section 112(r)(7) of the CAA directed the
U. S. Environmental Protection Agency (EPA) to issue regulations requiring facilit ies with large quantities of
very hazadouschemicals to prepare and implemen programs to prevert the accidental release d those
chemicals and t mitigate the consequences of any releases that do ocur. EPA issued that rule,” Chemical
Accident Prevention Provisions’ on une20, 1996. The ruleis codified & part 68 of Title 40 of the Codeof
Federal Regulaions(CFR). If you handle, manufacture, use, or store any of the toxic or flammable
substances listed in 40 CFR @.130 dove the speified threshold quantities in aprocess, you ae required to
develop and implemen arisk managemen program unde part 68 of 40 CFR. Therule appliesto a wide
variety of facilities that handle, manufacture, sore, or use toxic substances, including dlorine and anmonia,
and highlyflammable substances, sich as propane. If you are not sure whether you are subject to the rule,
you should review the rule and Chapters 1 and 2 of EPA’ s General Guidane for Rsk Managenent
Prograns 40 CFR part 68) available from EPA at http://www.epa.gov/ceppol.

If you ae subject to the rule, you ae required to condud an offsite consequence analysis to provide
information to the state, local, and federal governments and the public about the potential consequences of an
accidental chemical rease. The offsite consequence analysis consists ¢ two demerts:

L g A worst-case release scenario, and
L g Alternative release scenarios.

To smplify the aralysis ard ensure comparablit y, EPA has ddined the worst-case scenario as the
release of the largest quantity of aregulaed substance from asingle vessel or process line failure that results
in the greatest distance to an endpoint. In broad terms, the distance to the endpoint is the distance atoxic
vapor doud, het from afire, or blast waves from an explosion will travel before dissipating to the point that
serious injuries from short-term exposures will no longe occur. Endpints for regulaed substaices are
specified in 40 CFR 8.22(a) ard Appendix A of part 68 and ae presented in Appendioces B and Cof this
guidance.

Alternative release scenarios are scenarios that are more likely to occur than the worst-case scenario
and that will reach an endpoint offsite, unless no such scenario exists. Within these two parameters, you
have flexibilit y to choos aternative release scenarios that are appropriate for your site. Therule, in 40 CFR
68.28 (b)(2), ard the General Guidane for Rsk Managenent Prograns 40 CFR part 68), Chaper 4,
provide examples of aternative release scenarios that you should ondder when conduding the offsite
coneguance anaysis.
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Chaper 1
Introdudion

RMP*Comp™

To assist those udng this guidance, the Nationa Oceanic and Atmospheric Administration (NOAA) and
EPA have developed a oftwareprogram RMP*Comp™, that performs the calculations described in
this doaument. This software can be downloaded from the EPA/CEPPO Internet website at
http://lmwww.epa.gov/ceppo/ds-epds. htm#comp.

This guidance doaument provides a smple methodologyfor conduding offsite consequence analyses.
You may use smple egudionsto estimate release rates and reference tables to determine distances to the
endpoint of conaern. This guidance provides generic reference tables of distances, goplicable to most of the
regulated toxic substances, and chemical-speific tables for ammonia, chlorine, and aulfur dioxide. This
guidance a'so provides reference tables of distances for consequences of fires and explosions of flammable
substances. In sane cases, the rule dlows users of this doaument to adopt generic assumptions rathe than the
site-specific daa required if another modd is employed (see Exhibit 1).

The methodologyand referencetables of distancespresented here are optional. You are not
required to use this guidance. You may use publicly available or proprietary air dispersion modds to do
your offsite consequence analysis, subject to certain conditions. If you choo to use modds instead of this
guidance, you should review the rule and Chapter 4 of the General Guidance for Rsk Management
Programns, which outine required conditions for use of modds. In selected example analyses, this doament
presents the results of some modds to providea basis for comparison. It aso indicates certain conditions of a
release that may warrart more sophisticated modeling than is represented hee. However, this guidance does
not discuss the procedures to follow when usng modds; if you dioose to use modds, you ould @nalt the
appropriate references or instrudions for thosee modss.

This guidance provides distances to endpoints for toxic substances that range from 0.1 miles t025
miles. Other models may not project distances this far (ard some may project even longe distances). One
commonly used modd, ALOHA, has an artificial distance cutoff of 6 miles (i.e, any scenario which would
result in an endpoint distance beyond 6miles is reported as “ greater than 6 miles’). Although yu may use
ALOHA if it is gppropriate for the substance and senario, you should ondder choosng adifferent modé if
the scenario would nomally result in an endpoint distance significantly greater than 6 miles. Otherwise, you
should ke prepared to explain the difference between your results and those in this guidance or other
commonly used modds. Also, you should ke aware that the RMP*Submit system acceptsonly nunerical
entries (i.e, it will not accept a “greater thar’ distance). If you do enter a dstance in RMP*Submit that is the
result of a particular modd’ s maximum distance cutoff (including the maximum distance cutoff in this
guidance), you @n explain this in the executive summary of your RMP.
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Exhibit 1
Required Parametersfor Modeling (40 CHRR 6822)

WORST CASE

ALTERNATI VE SCENARIO

Endpoints (§6822())

Endponts for bxic stbsinces are spefited n part68 Apperdix A.

Endponts for bxic sibstnces are speied n part68 Appendix A.

For flammable sibstnces,erdpont is overpresste of 1pound per sgiare
inch (ps) for vapor abud expbsions.

For flammable sibstances,erdpoint is:

+Overpresste of 1psifor vapor obud expbsions, or

+Radiart heat bvel of 5 kilowatts per sgare meter (KW/m?) for 40
secorts for heat fromfires (or egivalent dose), or

+Lower flammability limit (LFL) as pecified in NFPA documents or
other gererally recogrized souces.

Wind speedstability (§6822(b))

This guidance assumes 1.5 meters per second and F tability. For other
models, use wind speed of 1.5 meters per second and F gability dass
unless yu candenonstrate ttat local meteorobgical data apgtabk to
the ste stow a Hgher minimum wind speed oress stal# atnosplere at
all times duing the prevous three years. If you canso denondtrate, these
minimums may be used for Ste-specific modeling.

This guidance assumes wind speed of 3 meters per second and D
stahility. For other models, you must use typica meteorological
conditions for your site.

Ambient temper aturehumidity (86822(c))

This guidance assmes 5°C (77°F) and 50 percent humidity. For other
modek for toxic sbstarces, yu must wse the highest ddly maximum
tenperatue ard average timidity for the ste duing the past thee years.

This guidance assumes 25°C and 50 percent humidity. For other
modek, you may use average teperatue/humidity data gathred at tle
site or at adcal meteorobgical staton.

Height of release (§6822(d))

For toxic sibstartes, yu must assme a ground level release.

This guidance assmes a gromd-levelrelease. Br other modek, rdease
height may be deterrimed bythe rebase sceaario.

Surface roughness (86822())

Use uban(obstucted terrain) or rural (flat terrain) topograply, as
appropréte.

Use uban(obstucted terrain) or rural (flat terrain) topograply, as
appropréte.

Dense or neutrally buoyant gass (86822())

Tables or nodek used for dspersbn of regdated toxic sibstnces nust
approprétely account for gas desty. If you use thsguidance, see @bles
1-4 for neutrally buoyart gases ath Tables 58 for derse gasespr Tables
9-12 for spedic chemicak.

Tables or nodek used for dspersbn must approprétely account for gas
dersity. If you use this gudarnce, see @les U-17 for neutrally
buoyart gases amh Tables B-21 for derse gasesor Tables 2225 for
speciic chemicak.

Temperature of released substance (86822(g))

Y ou must corsider iquids (other than gasesituefied byrefrigeraton) to
be rebased at #hhighest ddly maximum terrperatue, fromdata for tle
previous three years, or at process tearatue, whichever is higher.
Assume gasesifuefied byrefrigeraton atatmospteric presste 1 be
released at their boilin g points. This guidance provides factors for
estimation of release rates ab2C or the boilin g point of the released
substarce, aml ako proviles terperature correctn factors.

Substartes nay be comsidered to be relased at a press or arhient
tenperatue that is appropréte for the sceario. Thisguidance
provides factors for estiation of reease rates abZ C or the boiling
point of the rekased dostnce,and ako proviles emperéaure
correction factors.
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12  This Guidance Conpared to Other Models

Results obtained usng the methodsin this doaiment are expected to be consrvative (i.e, they will
generally, but not dways, overestimate the distance to endpoints). The chemical-speific reference tablesin
this guidance provide less conservative results than the generic reference tables, because the chemical-specific
tables were daived usng nore reglistic assumptions and wnddering more factors.

Complex modds that can accountfor many site-specific factors may give less consrvative estimates
of offsite consequences than the smple methodsin this guidance. This is particularly truefor dternative
scenarios, for which EPA has not specified many assumptions. However, complex modds may be expensve
and require condderable expertise to use; this guidance is designed to be simple and graightforward. You
will need to condder these tradeoffs in deciding howto carry out your required consequence aralyses.
Appendix A provides information on eferences for some other methodsof analysis; these references do not
include al modds that you may use for these analyses. You will find that modding results will sometimes
vary condderably from modd to modd.

1.3  Number of Scenaiosto Analyze

The nunber and type of analyses you nust perform dgpend on he “Program” level of each of your
processes. The rule defines three Program levels. Processes are digible for Program 1 if, anong ohe
criteria, there are no public receptors within the distance to the endpoint for the worst-case scenario. Because
no public receptors would be affected by the worst-case release, no furthe modding is required for these
processes. For processe subject to Program 2 a Program 3, bath worst-caserelease s@narios and
aternative release scenarios are required. To deermine the Program level of your processes, conault 40 CFR
68.10(), (c), and (d), or Chapter 2 d EPA’s General Guidane for Risk Management Prograns 40 CFR
part 68).

Once you hare determined the Program level of your processes, you ae required to condud the
following offsite consequence analyses:

. One worst-case rdease scenario for each Pragram 1 process,

. One worst-case release scenario to represent al regulated toxic substances in Program 2 and
Program 3 processes;

. One worst-case release scenario to represent al regulated flammable substances in Program
2 and Program 3 processes;

. One dternative release scenario for each regulated toxic substance in Program 2 and
Program 3 processes; and

. One dternative release scenario to represent al regulated flammable substances in Program
2 and Program 3 processes.

NOTE: You may nexd to analyze additiond worst-case scenarios if release scenarios for regulated
flammable or toxic substances from other covered processes & your facilit y would affect different public
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receptors. For example, worst-case release scenarios for storage tanks at opposite endsof your facility may
potentially reach different areas where people could ke affected. In that case, you will have to condud
aralyses of ard report on both rdeases.

GUIDANCE FOR INDUSTRY-SPECIFIC RISK MANAGEMENT PROGRAMS

EPA developed guidance for indugry-specific risk managemer programs for the following indugries:

+ Propane storage facilit ies + Warehouss
+ Chemical distributors + Ammoniarefrigeration
+ Wastewater treatment plants 4 Small proparerdailers & users

The indudry-specific guidances are available from EPA at http://www.epa.gov/ceppo/.

Indugry-specific guidances developed by EPA take the place of this guidance doaument and the General
Guidance for Rsk Managenent Prograns for the indudries addressed. If an indugry-specific program
exists or your processgs), you should u® it as your basic guidance because it will provide more
information that is specific to your process, induding digpersion modding.

1.4  Modeling Issues

The consequences of an accidental chemical release dgoend on he conditions of the release and the
conditions & the site a the time of the release. This guidance provides reference tables of distances, based on
results of modding, for estimation of worst-case and dternative scenario consequence distances.  Worst-case
coneguence distances ohtained usng these tables are notintended to be precise predictions of the exact
distances that might be reached in the event of an actual accidental release. For this guidance, worst-case
distances are based on nodding results assuming the combination of worst-case conditions required by the
rule. This combination of conditions occurs rardy ard is unlikely to persist for very long. To deive the
alternative scenario distances, less conservative assumptions were used for modding; these assumptions were
chosen to represent more likely conditions than the worst-case assumptions. Neverthdess, in an actual
accidental release, the conditions may be very different. Users of this guidance should ememter that the
results derived from the methodspresented hee are rough atimates of potential consequence distances.

Other modds may give different results; the sane mode asomay give different results if different
assumptions about release conditions and/or site conditions are used.

The reference tables of distances in this guidance provide results to a maximum distance of 25 miles.
EPA recognizes that modding results at such large distances are highly uncertain. Almos no perimental
data or data from accidents are available at such large distances to compare to modding results. Most daa
are reported for distances well unde 10 miles. Modding unartainties are likely to increase as distances
increase because conditions (e.g., amospheric stability, wind gpeed, surface roughnes) are notlikely to
remain condant ove large distances. Thus a large distances (e.g., geater than about 6 to 10 miles), the
modding results should ke viewed & very coarse estimates of consequence distances. EPA believes,
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however, that the results, even at large distances, can provide ussful information for comparison purposes.
For example, Local Emergency Planning Gommittees (LEPCs) and oher local agencies can ue relative
differences in digance to aid in establishing demical accident prevention and preparedness priorities among
facilities in acommunity. Since worst-case scenario distances are based on nmodding conditionsthat are
unlikely to occur, and snce modding of any scenario that results in large distances is very unartain, EPA
strongly urges communities and indusry notto rely on te results of worst-case modding or any modding
that results in very large toxic endpoint distances in emepgency planning and response activities. Results of
aternative scenario modds are apt to provide a more reasonéeble basis for planning ad response.

15  Stepsfor Performing the Analysis

This Chapter presents the steps you should Pllow in usng this guidance to carry out anoffsite
conseguence aralysis. Before carrying outoneor more worst-case and/or dternative release anayses, you
will need to obtain several piecesof information ebout the regulaied substances you have, the area
surrounding yur site, and typical meteorological conditions

. Determine whethe each regulated substance is toxic or flammable, as indicated in the rule or
Appendices B and Cof this guidance.

. For the worst-caseanalysis, determine the quantity of each substance held in the largest
single vessd or pipe.

. Collect information aout any passive or active (alternative scenarios only) release
mitigation measures that are in place for each substance.

. For toxic substances, determine whether the substance is staed as agas, as aliquid, es agas
liquefied by refrigeration, oras ageas liquefied unde pressure. For dternative scenarios
involving avapor doud fire, you may also nexd this information for flammable substances.

. For toxic liquids, deermine the highest daly maximum temperature of the liquid, based on
data for the previous three years, or process temperature, whichever is highe.

. For toxic substances, determine whether the substance behaves & adense or neutrally
buoyant gas or vapor (see Appendix B, Exhibits B-1 and B-2). For dternative scenarios
involving avapor doud fire, you will also need this information for flammable substances
(see Appendix C, Exhibits C-2 and G3).

. For toxic substances, determine whether the topography (surface roughnes) of your site is
ether urban or rural asthse terms aredefined by therule (see 40 CFR @.22(e)). Fa
aternative scenarios involving avapor doud fire, you will also nead this information for
flammable substances.

After you have gathered the aboveinformation, you will need to take three steps (except for
flammabl e worst-case rd eass):

(1) Selecta scererio;
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(2 Determine the release or volétiliz ation rate; and
3 Determine the distance to the endpoint.

For flammable worst-case scenarios, only steps oneand three are needed. Sections 1.5.1 through 15.6
outline the procedures to perform the analyses. In addition to basic procedures, these sections provide
references to sections of this guidance where you will find deailed ingrudions on @rrying outthe applicable
portion of the analysis. Sections 1.5.1 through 15.3 below provide basic steps to analyze worst-case
scenarios for toxic gases, toxic liquids, and flammable substances. Sections 1.5.4 through 15.6 provide
basic steps for dternative scenario analysis. Appendix E of this doaument provides worksheets that may hdp
you to perform the aralyses.

151 Worgt-Case Analysis for Toxic Gass

To condud worst-case analyses for toxic gases, induding toxic gases liquefied by pressurization (see
Appendix E, Wolksheet 1, for aworksheet that can be usad in carrying outthis analysis):

Step 1 Determine worst-case scerario. Identify the toxic gas, quantity, and worst-caserel ease s@nario, as
defined by the rule (Chapter 2).

Step 2 Determinerdease rate. Esimate the release rate for the toxic gas, usng the parameters required by
the rule. This guidance provides methodsfor estimating the release rate for:

. Unmitigated releases (Section 3.1.1).
. Releases with passive mitigation (Section 3.1.2).

Step 3 Determine distance to endpoint. Estimate the worst-case consequence distance based on the release
rate and toxic endpoint (defined by the rule) (Chapter 4). This guidance provides reference tables of
distances (Reference Tables 1-12). Sdlect the appropriate reference table based on the density of the
released substance, the topography of your site, and the duration of the release (always 10 minutes
for gas releases). Edimate distance to the endpoint from the appropriate table.

152 Worgt-Case Analysis for Toxic Liquids

To condud worst-case analyses for toxic substances that are liquids a ambient conditions or for
toxic gases that are liquefied by refrigeration done (see Appendix E, Woiksheet 2, for aworksheet for this
aralysis):

Step 1 Detemmine worst-case scerario. Identify the toxic liquid, quantity, and worst-case release scenario, as
defined by the rule (Chapter 2). To estimate the quantity of liquid released from piping, e Section
3.2.1.

Step 2 Determinerdease rate. Edimate the volatiliz ation rate for the toxic liquid and the duration of the
release, udng the parameters required by the rule. This guidance provides methodsfor estimating the
pool evaporation rate for:
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. Gases liquefied by refrigeration done (Sections 3.1.3 and 32.3).
. Unmitigated releases (Section 3.2.2).
. Releases with passive mitigation (Section 3.2.3).
. Releases at ambient or devated temperature (Sections 3.2.2, 3.2.3, and 32.5).
. Releases of mixtures of toxic liquids (Section 3.2.4).
. Releases of common weter solutions of regulated substances and of oleum (Section 3.3).

Step 3 Determine distance to endpoint. Estimate the worst-case consequence distance based on the release
rate and toxic endpoint (defined by the rule) (Chapter 4). This guidance provides reference tables of
distances (Reference Tables 1-12). Sdlect the appropriate reference table based on the density of the
released substance, the topography of your site, and the duration of the release. Edimate distance to
the endpoint from the appropriate table.

153 Worg-Cas Analysis for Flammable Subdances

To condud worst-case analyses for dl regulaed flammable substances (i.e., gases and liquids) (see
Appendix E, Wolksheet 3, for aworksheet for this analysis):

Step 1 Detemrmine worst-case scerario. Identify the appropriate flammable substance, quantity, and worst-
case scenario, as de€fined by the rule (Chapter 2).

Step 2 Determine distance to endpoint. Egtimate the distance to the required overpressure endpoint of 1 psi
for avapor doud explosion of the flammable substance, using the assumptions required by the rule
(Chapter 5). This guidance provides areference table of distances (Reference Table 13) for worst-
case vapor doud eplosions. Edimate the distance to the endpoint from the quantity released and the
table.

154 Alternative Scenaio Analyss for Toxic Gases

To condud dternative release scenario analyses for toxic gases, induding toxic gases liquefied by
pressurization (see Appendix E, Wolksheet 4, for aworksheet for this analysis):

Step 1 Select alternative scenario. Choos an appropriate dternative release scenario for the toxic gas. This
scenario should have the potential for offsite impacts unless no sich scenario exists.(Chapter 6).

Step 2 Determinerdease rate. Edimate the release rate and dusetion of the release of the toxic gas, based
on your scenario and ste-specific conditions. This guidance provides methodsfor:

. Unmitigated releases (Section 7.1.1).
. Releases with active or passive mitigation (Section 7.1.2).

April 15,1999 1-8



Chaper 1
Introdudion

Step 3 Determine distance to endpoint. Estimate the dternative senario distance based on the release rate
and toxic endpoint (Chapter 8). This guidance provides reference tables of distances (Reference
Tables 14-25) for dternative senarios for toxic substances. Sdlect the appropriate reference table
basal on the density of the released substance, the topography of your site, and the duration of the
rlease. Edimate distance to the endpoint from the appropriate table.

155 Alternative Scenaio Analysis for Toxic Liquids

To condud dternative release scenario analyses for toxic substances that are liquids at ambient
conditions or for toxic gases that are liquefied by refrigeration done (see Appendix E, Wolkshest 5, for a
worksheet for this amalysis):

Step 1 Select alternative scenario. Choos an appropriate dternative release scenario and release quantity
for the toxic liquid. This scenario should have the potential for offsite impacts (Chapter 6), unless no
such s@nario exists.

Step 2 Determinerdease rate. Esimate the release rate and dusetion of the release of the toxic liquid, based
on your scenario and ste-specific conditions. This guidance provides methodsto estimate the liquid
release rate and quantity of liquid released for:

. Unmitigated liquid releases (Section 7.2.1).
. Mitigated liquid releases (Section 7.2.2).

The released liquid is assumed to form a pool. This guidance provides methodsto estimate the pool
evaporation rate and reease duration for:

. Unmitigated releases (Section 7.2.3).

. Releases with passive or active mitigation (Section 7.2.3).

. Releases at ambient or devated temperature (Sections 7.2.3).

. Releases of common weter solutions of regulated substances and of oleum (Section 7.2.4).

Step 3 Determine distance to endpoint. Estimate the dternative senario distance based on the release rate
and toxic endpoint (Chapter 8). This guidance provides reference tables of distances (Reference
Tables 14-25) for dternative senarios for toxic substances. Sdlect the appropriate reference table
basal on the density of the released substance, the topography of your site, and the duration of the
rease. Edimate distance to the endpoint from the appropriate table.

15.6 Alternative Senario Analysis for Flammable Subgances
To condud dternative release scenario analyses for dl regulaed flammable substances (i.e., gases

and liquids) (see Appendix E, Wolksheet 6, for aworksheet for this analysis):
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Step I Sedlect alternative scenario. Identify the flammable substance, and choos the quantity and type of
event for the alternative scenario consequence aralysis (Chapter 6).

Step 2 Determinerdease rate. Edimate the release rate to air of the flammable gas or liquid, if the scenario
involves avapor doud fire (Section 9.1 for flammable gases, Section 9.2 for flammable liquids).

Step 3 Determine distance to endpoint. Egtimate the distance to the appropriate endpoint (defined by the
rule). This guidance provides methodsfor:

. Vapor doud fires (Section 10.1 and Reference Tables 26-29); select the gppropriate
reference table basal on the density of the released substance and the topography of your
site, and estimate distance to the endpoint from the appropriate table.

. Pool fires (Section 10.2); estimate distance from the equation and chemical-specific factors
provided.
. BLEVES (Section 10.3 and Reference Table 30); estimate distance from the quantity of

flammable sWbstance and the table.

. Vapor doud explosions (Section 10.4 and Reference Table 13); estimate quantity in the
cloud from the equation and demical- specific factors provided, and estimate distance from
the quantity, the table, and afactor provided for dternative scenarios.

16 Additional Sourcesof Information

EPA’s risk managemer program requiremeris may be found & 40 CFR part 68. The rdevant
sections were published in the Federal Registe on January 31,1994 69 R 4478)and June 20,1996 61
FR 31667) Fna rules anending te list of substaices and thresholdswere published on Augus 25, 1997
(62 AR 45130)and Jauary 6,1998 63 AR 640) A consolidated copy of these regulations is available in
Appendix F.

EPA is working with indugry and locl, gate, and federal govenment agencies to assist sources in
complying with these requirements. For mare informétion, refer to the General Guidane for Risk
Management Progranms Appendix E (Technical Assistance). Appendices C and D ofthe General Guidance
also provide points of contact for EPA and Cccupationd Safey ard Health Administration (OSHA) at the
state and federa levels for your questions. Your LEPC aso can be avauable resource.

Finally, if you have access to the Internet, EPA has made copies of the rules, fact sheets, and ohe
related meterials available a the horme page of EPA's Chemical Emergency Preparedness and Revention
Office (http://www.epa.goviceppo/). Please check the site regularly, as additiond materials are posted when
they become available. If you do nothave access to the Internet, you @n cal EPA’ s hotine at (800)424
9346.
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2 DETERM INING WORST-CASE SCENARIO S

In Chapter 2
. 2.1 EPA’sdefinition of a worst-cae seratio.
. 2.2 How to detemine the gantity released.
. 2.3 How to identify the agpropriate worst-cae serario.

21 Definition of Worst-Case Scenaio

A worst-case release is ddined as:

. The release of the largest quantity of aregulated substance from avessé or processline
failure, and
. The release that results in the greatest distance to the endpoint for the regulated toxic or

flammable sibstance.

You may take administrative controls into accountwhen daermining the largest quantity.
Administrative controls are written procedures that limit the quantity of a substance that can bestaed or
processed in avessd or pipe a any onetime or, dternatively, procedures that alow the vessd or pipeto
occasiondly store larger than usud quantities (e.g., duing shutdown or turnaround) Endpoints for regulaed
substances are speified in therule (40 CFR @.22(a), ard Appendix A to part 68 for toxic substances). For
the worst-caseanalysis, you do not need to consider the posshble causes of the worst-caserelease or the
probabilit y that such a release might occur; the release is simply assumed to take place. You nust assume dl
releases take place a ground level for the worst-case analysis.

This guidance assumes meteorological conditions for the worst-case scenario of aimospheric stability
class F (stable atmaosphere) and wind gpeed 1.5 meters per second 3.4 miles per hour). Ambient air
temperature for this guidance is 25°C (77 °F). If you u this guidance, you nay assume this ambient
temperature for the worst case, even if the maximum temperature a your site in the last three years is higher.

Therule provides two choices for topography, urban and rural. EPA (40 CFR @8.22(€)) has defined
urban as many obstales in the immediate area, where obstatles include buildings or trees. Rural, by EPA’s
definition, meansthere are no kuildingsin the immediate area, and the terrain is generally flat and
unobstiucted. Thus, if your siteis located in an area with few buildings or other obstuctions (e.g., hills,
trees), you should asume open (rural) conditions. If your site is in an area with many obstiuctions, even if it
is in aremote location that would notusudly be conddered utban, you should assume urban conditions.

Toxic Gases

Toxic gases indudedl regulated toxic substances that are gases & ambient temperature (25°C, 77
°F), with the exception of gases liquefied by refrigeration unde atmospheric pressure and released into diked
areas. For the worst-caseconsequence analysis, you must assume that a gaseous release of the total quantity
occursin 10 minutes. You may take passive mitigation measures (e.g., exclosure) into accountin the analysis
of the worst-casescenario.
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Gases liquefied by refrigeration done and released into diked areas may be modded as liquids at
their boiling points and assumed to be released from a pool by evaporation (40 CFR @8.25(c)(2)). Gases
liquefied by refrigeration donethat would form a pool onecentimeter or less in dgoth upon release must be
modded as gases. (Modding indicates that pools onecentimeter or less desp formed by geses liqudied by
refrigeration would completely evaporate in 10 minutes or less, giving arelease rate that is equd to or greater
than the worst-caserelease rate for agaseous release. In this case therefore, it is gppropriate to treat these
substances as gases for the worst-caseanalysis.)

Endpoints for consequence analysis for regulaed toxic substances are speified in therule (40 GFR
part 68, Appendix A). Exhibit B-1 of Appendix B lists the endpoint for each toxic ges. These endpoints are
used for air dispersion modding to estimate the consequence distance.

Toxic Liquids

For toxic liquids, you rmust assume that the total quantity in avessd is spilled. This guidance
assumes the spill t akes place onto aflat, nonabsorbing surface. For toxic liquids carried in pipelines, the
guantity that might be released from the pipeline is assumed to form a pool. You may take passive mitigation
systems (e.g., dikes) into accountin consequence analysis. Thetotal quantity spilled is assumed to spread
instantaneously to a depth of one centimeter (0.033 foot or 0.39 inch) in an undiked area or to cover adiked
area instantaneoudy. The temperature of the released liquid must be the highest daly maximum temperature
oocurring in the past three years or the temperature of the substaice in the vessé, whichever is highe (40
CFR 8.25(d)(2)). Therdeasrateto air is estimated asthe rate of evaporation from the pool. If liquids at
your site might be spilled onb asurface that could rapidly absorb the spilled liquid (e.g., poroussoil), the
methodspresented in this guidance may greatly overestimate the consequences of arelease. Condgder usng
anothe method in sich a case.

Exhibit B-2 of Appendix B presents the endpoint for air dispersion modding for each regulated toxic
liquid (the endpoints are specified in 40 CFR part 68, Appendix A).

Flammable Substances

For dl regulaed flammable substaices, you must assume that the worst-caserelease resuts in a
vapor doud @ntaining the total quantity of the substance that could be released from avessd or pipeine.
For the worst-case consequence analysis, you nust assume the vapor doud deonaes. If you uaTNT-
equivalent method for your analysis, you nust assume a 10 percent yield factor.

The rule specifies the endpoint for the consequence analysis of avapor doud explosion of aregulaed
flammable substance as an overpressue of 1 pound g sguare inch (psi). This endpoint was chosen as the
threshold for potential serious injuries to people as aresult of property damage caused by an explosion (e.g.,
injuries from flying glass from shattered windows or falling debris from damaged houss). (See Appendix D,
Section D.5for additiond information on tis endpoint.)
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Effect of Required Assumptions

The assumptions required for the worst-case analysis are intended to provide conservative worst-case
conseguence distances, rathe than accurate predictions of the potential consequences of ardease; that is, in
most cases your results will overestimate the effects of ardease. In certain cases, actual conditions could be
even more severe than these worst-case assumptions (e.g., very high process temperature, high process
pressure, or unusid weather conditions, such as temperature inversions); in such cases, your results might
undeestimate the effects. However, the required assumptions gengally are expected to give conservative
resuts.

2.2  Determination of Quantity for the Worst-Case Scenaio

EPA has ddfined aworst-case release as the release of the largest quantity of aregulaed substance
from avessd or process line failure that results in the greatest distance to a specified endpoint. For
substances in vessés, you must essume release of the largest anountin asingle vessdl. For substancesin
pipes, you nust assume release of the largest amountin apipe. The largest quantity should ke deermined
taking into accountadministrative controls rathe than absolute capacity of the vessd or pipe. Administrative
controls are written procedures that limit the quantity of a substance that can bestaed or processel in a
vessd or pipe a any onetime, or, dternatively, oaasiondly alow avessd or pipe to store larger than usud
guantities (e.g., duing turnaround)

23  Selecting Worst-Case Scenaios

Unde part 68, aworst-case release scenario analysis must be completed for dl covered processes,
regardless of program level. The nunber of worst-case scenarios you rrust analyze dependson sveral
factors. You need to condder only the hazard(toxicity or flanmabilit y) for which asubstanceis regulated
(i.e, even if aregulaed toxic substace is dsoflammable, you only need to consder toxicity in your analysis;
even if aregulated flammable substance is dsotoxic, you only need to condder flammahilit y).

For every Program 1 process,you must report the worst-casescenario with the greatest dstance to an
endpoint. If a Program 1 process has more than oneregulated substance held above its threshold, you must
determine which substance produas the greatest distance to its endpoint and report on that substaice. If a
Program 1 process has both regulated toxics and flammables abovetheir thresholds you dill report only the
onescenario that produces the greatest distance to the endpoint. The process is digible for Program 1 if there
are no public receptors within the distance to an endpoint of the worst-case scenario for the process and the
other Pragram 1 criteriaaremet. Fa Pragram 2 or Pragram 3 processes, you must aralyze ard report on one
worst-case analysis representing dl toxic regulated substances present above the threshold quantity and one
worst-case analysis representing dl flammable regulated substances present above the threshold quantity.
You may need to submit an additiond worst-case analysis if aworst-case release from dsewhere at the source
would potentially affect public receptors different from those affected by the initial worst-case scenario(s).

If you have more than oneregulaed substance in adass,the substance chosen for the consequence
aralysis for each hazardfor Pragram 2 ard 3 processes should ke the substance that has the patential to cause
the greatest offsite consequences. Choosng the toxic regulated substance that might lead to the greatest
offsite conseguences may require a screening analysis of the toxic regulated substances on site, because the
potential consequences are dgpendent on anurrber of factors, induding quantity, toxicity, and voldilit y.
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Determining Worst-Cas Scenaios

Location (distance to the fencdine) and mnditions of processing or storage (e.g., ahigh mperature process)
also should ke conddered. In sdlecting the worst-case scenario, you nmay want to condder the following

points:

Toxic gases with low toxic endpoints are likely to give the greatest distances to the endpoint
for agiven release quantity; atoxic gas would be alikely choice for the worst-case analysis
required for Program 2 and 3 processes (processes containing toxic gases are unlikdy to be
digible for Program 1).

Volatile, highlytoxic liquids (i.e., liquidswith high anbient vapor pressure and lowtoxic
endpoints) aso are likely to give large distances to the endpoint (processes containing this
typeof substance are unlikely to be digible for Program 1).

Toxic liquidswith relatively low volatility (low vapor pressure) and lowtoxicity (large toxic
endpoint) in ambient temperature processes may give fairly small distances to the endpoint;
you probably would notchoo such substances for the worst-caseanalysis for Program 2 o
3 if you hare othe regulated toxics, but you may want to condder carrying outa worst-case
analysis to damongrate potential Program 1 digibilit y.

For flammable substances, you must @mnsider the consequences of avapor doud eplosion in the
analysis. The severity of the consequences of avapor doud explosion dgoendson the quantity of the released
substance in the vapor doud, its heat of combusgtion, and oher factors that are assumed to be the same for dll
flammable substances. In most @ses, the analysis probably should ke based on e regulated flammable
substance present in the greatest guantity; however, a substance with ahigh het of combugtion may have a
greater patential offsite impact than alarger quantity of a substance with alower heat of combustion. In
some cases, aregulaed flammable substance that is cdose to the fenceline might have a greater potential
offsite impact thana larger quartity farther from the fenceline.

You ae likely to estimate smaller worst-case distances for flammable substances than for similar
guantities of most taxic substances. Because the distance to the endpoint may be relatively small, you nay
find it worthwhile to carry out a worst-case aralysis for each process containing flammable substances to
demondrate potential eligibility for Program 1, unless there are public receptors dose to the process.
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3 RELEASE RATES FOR TOXIC SUBSTANCES

In Chapter 3
. 3.1 Edimation of worst-ca® releae ratesfor toxic gases.
. 3.2 Estimation of release rates for toxic liquids evaporating from pools.
. 3.3 Edtimation ofrelea® ratesfor conmon watersolutions of toxic substances
and for oleum.

This chapter describes simple methodsfor estimating release rates for regulated toxic substances for
the worst-case scenario. Simple release rate equaions are provided, and factors to be used in these equations
are provided (in Appendix B) for each regulated substance. The estimated release rates may beused to
estimate dispersion diganaces to the toxic endpoint for regulated toxic gases and liquids, as discussed in
Chapter 4.

31 Release Rats for Toxic Gases

In Section 3.1

. 3.1.1 Method to atimate worst-case release rates for unmitigated releases
(releaesdirectlyto the air) of toxic ges.

. 3.1.2 Method to stimate worst-case release rates for toxic gas in enclosures
(passive nitigation).

. 3.1.3 Method to atimate worst-case release rates for liquefied refrigerated
toxic gases in diked areas (as toxic liquid - see Section 3.2.3), including
congderation of theduration of therelease.

Regulaed substances that are gases a& ambient temperature (25 °C, 77 °F) should ke conddered
gases for conseguence analysis, with the exception of gases liquefied by refrigeration & atmospheric pressure.
Gases liquefied unde pressure should ke treated as geses. Gases liquefied by refrigeration done and released
into diked areas may be treated as liquids at their boiling points if they would form a pool upon release that is
more than one centimeter (0.033 foot) in depth. Gases liquefied by refrigeration donethat would form a pool
one centimeter (0.033 foot) or less n depth should ke treated as gases. Modding shows that the evaporation
rate from such a pool would be equd to or greater than the rate for atoxic gas, which is assumed to be
released ovea 10 minutes; therefore, treating liqudied refrigerated gases as gases rathe than liquidsin such
cases is reasoneble. You may consgder passive mitigation for gaseousreleases and releases of gases liquefied
by refrigeration.
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3.1.1 Unmitigated Rekasesof Toxic Gas

If no passive mitigation system is in place, estimate the release rate for the release ove a 10-minute
period of the largest quantity resulting from a pipe or vessd failure, as required by the rule (40 CFR
68.25(c)). For arelease from avessd, calculate the release rate as follows:

_ QS
R=— _
Q 10 (3-1)
where: QR = Release rate (poundsper minute)
QS = Quantity released (pound9

Example 1. Gas Rdease (Diborane)

You have atank containing 2,500 pundsof diboranegas. Assuming thetotd quantity in thetank is released
over a 10-minuteperiod, therelease rate (QR), from Equation 3-1, is:

QR =2500 pundg10 minutes = 250 ppundsper minute

3.1.2 Releases offoxic Gas in EnclosedSpace

If agasis released in an enclosure such as a building or shed, the release rate to the outside air may
be lessened condderably. The dynamics of this type of release are complex; however, you may use the
simplified method presented here to estimate an approximate release rate to the outside air from arelease in
an enclosed space. The mitigation factor (i.e, 55 percent) presented in this method asumes that the release
occurs in afully enclosed, nonairtight space that is directly adjacent to the outside air. If you ae modding a
release in an interior roomthat is enclosed within abuilding, asmaller factor (i.e., more mitigation) may be
appropriate. On the other hand, alarger factor (i.e., less mitigation) should ke used for a space that has doors
or windows that could ke open duiing ardlease. If any of these special circumstances apply to your site, you
may want to condder performing ste-specific modding to deermine the appropriate amount of passive
mitigation. In addition, you should notincorporate the passive mitigation efect of building enclosures into
your modding if you have reason to believe the enclosure would notwithstand the force of the release or if
the chemical is handled ouside the building (e.g., noved from onebuilding to another building).

For the worst case, assume as before that the largest quantity resulting from a pipe or vessd failureis
released ovea a 10-minute period. Determine the unmitigated worst-case scenario release rate of the gas as
the quantity released divided by 10 (Equation 3-1). The release rate from the building will b e approximately
55 percent of the worst-case scenario release rate (see Appendix D, Section D.1.2 for the deivation of this
factor). Edimate the mitigated release rate as follows:
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S
R= 4055 i
Q 10 (3-2)
where: QR = Release rate (poundsper minute)

QS = Quantity released (pound9

055 = Mitigation factor (discussed in Appendix D, Section D.1.2)

Example 2 Gas Release in Enclosure (Diborane)

Suppose the diborane gas from Example 1 is released inside abulding a the rate of 250 pundsper minute
The mitigated elea® to the outgle airfrom the huilding would ke:

QR =250 pundgminute x 0.55 = 138 pundsper minute

3.1.3 Releases otiquefied Refrigerated Toxic Gas in Diked Area

If you have atoxic gas that is liquefied by refrigeration done and it will be released into an area
where it will be contained by dikes to form a pool more than onecentimeter (0.033 foot) in depth, you may
carry out the worst-case aralysis asuming evaporation from aliquid pool a the boiling point of the liquid. If
your gas liquefied by refrigeration would form a pool onecentimeter (0.033 foot) or less n depth, use the
methodsdescribed in Section 3.1.1 or 3.1.2 abovefor the analysis. For ardeasein adiked ares, first
compare the diked area to the maximum area of the pool that could ke formed. You can use Equaion 3-6 in
Section 3.2.3 to estimate the maximum size of the pool. Densty factors (DF), needed for Equation 3-6, for
toxic gases a their boiling points are listed in Exhibit B-1 of Appendix B. If the pool formed by the released
liquid would ke smaller than the diked area, assume a 10-minute gaseousrelease, and estimate the release rate
as described in Section 3.1.1. If the dikes prevent the liquid from spreading outto form a pool of maximum
size (onecentimeter in depth), you may use the method described in Section 3.2.3 for mitigated liquid
releases to estimate a release rate from a pool a the boiling point of the released substance. Use Equation 3
8 in Section 3.2.3 for therdleaserate. The Liquid Factor Boiling (LFB) for each toxic gas, needed to use
Equation 3-8, islisted in Exhibit B-1 of Appendix B. See the example release rate estimation on he next

page.

After you have estimated the release rate, estimate the duration of the vapor release from the pool
(thetimeit will t ake for the pool to evaporate completely) by dividing the total quantity spilled by the release
rate. You ned to knowthe duration of release to choos the appropriate reference table of distances to
estimate the consequence distance, as discussed in Section 4. (You do notned to condder the duration of the
release for chlorine or sulfur dioxide, liquefied by refrigeration done Only onereference table of distances is
provided for worst-case releases of each of these substances, and these tables may beused regardiess d the
release duration. The principal reason for making no diginction between 10-minute and longe releases for
the chemical-speific tables is that the differences between the two are snall relative to the uncertainties thet
have been identified.)
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Example 3 Mitigated Release d Gases Liq uefied by Refrigeration (Chlorine)

You have arefrigerated tank containing 50000 poundsof liquid chlorine a ambient pressure. A diked aea
around thechlorinetank of 275 gjuare feet is sufficient to hold al of the spilled liquid chloine. Once the
liquid soills into the dike, it ishen asumed to evaprate at itsoiling point (-29 °F). The evapration rate at
the oiling point is detemined fom Equation 38. For the calculation, windeed isasumed to e 1.5 meters
per second and thewind geed factor is 1.4, LFB for chlorine (from Exhibit B-1) is 0.19, and A is275 gjuare
feet. The releas rate is

QR=14 %019 x275 =73 mpundsper minute

The duration of the rdlea® tbes not needto be consideredfor chorine.

3.2 Release Rats for Toxic Liquids

In Section 3.2
. 3.2.1 Method to atimate the quantity of toxic liquid tha could ke released from
a broken pipe
. 3.2.2 Method to atimate therelease rate of atoxic liquid evaporating froma

pool with no nitigation (ho dikesor enclosires, including:

-- Releassat anbiern tenrperatue (25 °C),
-- Releassat eleatedtenperatue, am
-- Estimation of the duration of therelease.

. 3.2.3 Method to stimate therelease rate of atoxic liquid evaporating from a
pool with passive mitigation, including:

-- Releassin diked areas
-- Rdeases into othe types of contanment, and
-- Releassinto huildings.

. 3.2.4 Estimation of release rates for mixtures contaning toxicliquids.

. 3.2.5 Method to orrect the estimated release rate for liquids released at
tenmperaturesbetween25 °C ard 50 °C.

For the worst-case analysis, the release rate to air for toxic liquidsis assumed to be the rate of
evaporation from the pool formed by the rdeased liquid. This section provides methodsto estimate the
evaporation rate. Assume the total quantity in avessd or the maximum quantity from pipes is released into
the pool. Passive mitigation measures (e.g., dikes) may be conddered in deermining the area of the pool and
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the release rate. To estimate the consequence distance using this guidance, you nrust estimate howlong it will
take for the pool to evaporate (the duration of the release), as well as the release rate, as discussed below.

Therule (40 CFR @.22(g)) requires you to asume that liquids (other than gases liquefied by
refrigeration) are released a the highest maximum daly temperature for the previousthree years or a process
temperature, whichever is highe. This chapter provides methodsto estimate the release rate a 25 °C (77 °F)
or a the boiling point, and dso provides amethod D correct the release rate a 25 °C for releases at
temperatures between 25°C and 50°C.

The calculation methodsprovided in this section goply to substances that are liquids unde ambient
conditions or gases liquefied by refrigeration donethat are released to form pools degper than onecentimeter
(see Section 3.1.3 above). You nust treat gases liquefied unde othe conditions (unde pressure or a
combination of pressure and refrigeration) or gases liquefied by refrigeration donethat would form poolsone
centimeter or less in dgpth upon rdease as gas rather than liquid releases (see Sections 3.1.1 and 31.2
ahove).

3.2.1 Releassof Toxic Liquids from Pipes

To condder aliquid rdlease from a broken pipe, estimate the maximum quantity that could be
released assuming that the pipeis full of liquid. To estimate the quantity in the pipe, you nexd to knowthe
length of the pipe (in feet) and adoss-sectiond area of the pipe (in square feet). Note dso that liquid may be
released from both directions a a pipe shear (both in the direction of operationd flow and the reverse
direction, dgoending on he location of the shear). Therefore, the length would be the full length of pipe
carrying the liquid on te facility grounds Then, the volume of the liquid in the pipe (in cubic feet) is the
length of the pipe times the cross-sectiond area. The quantity in the pipe (in pound9 is the volume divided
by the Density Factor (DF) times 0.033. (DF values ae listad in Appendix B, Exhibit B-2. Densty in
poundsper cubic footis equd to 1/(DF times 0.033)) Assume the estimated quantity (in pound is released
into apool and us the method and equations described below in Section 3.2.2 (unmitigated releases) or 3.2.3
(releases with passive mitigation) to deermine the evaporation rate of the liquid from the pool.

3.2.2 Unmitigated Rekasesof Toxic Liquids

If no passive mitigation measures are in place, the liquid is assumed to form a pool onecentimeter
(0.39inch or 0.033 foot) degp instantaneously. You may calculate the release rate to air from the pool (the
evaporation rate) as discussed below for releases at ambient or devated temperature.

Ambient Temperature

If the liquid is dways a& ambient temperature, find the Liquid Factor Ambient (LFA) and the Densty
Factor (DF) in Exhibit B-2 of Appendix B. The LFA and DFapply to liquidsat 25 °C; if your ambient
temperature is between 25 °C and 30 °C, you nay use the method decribed here and then apply a
Temperature Correction Factor (TCF), asdiscussed in Section 3.2.5 below, to correct the calculated release
rate. Calculate the release rate of the liquid a 25 °C from the following equation:

QR = QSx 14 x LFA x DF (3-3)
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where: QR = Release rate (poundsper minute)
QS = Quantity released (pound9
1.4 = Wind peed factor = 1.5°78 where 1.5 meters per second 3.4 miles per
hou is the wind speed for the worst case
LFA = Liguid Factor Ambient
DF = Density Factor

Example 4 Unmitigated Liquid Release @& Ambient Temperature (Acrylonitrile)

You have atank containing 20000 poundsof acrylonitrile a ambient temperature. The totd quantity in the
tank is spilled onto theground in & undiked area, forming apool. Assume the pool goreads out to adepth of
one certimeter. The releae rate from the pool (QR) is calcuatedfrom Equation 3-3. For the calcuation, the
wind geed is assumed to ke 1.5 meters per second and thewind geed factor is 1.4. From Exhibit B-2,
Appendix B, LFA for acrylonitrile is 0.018 and DFis 0.61. Then:

QR=20000 x14 x0.018 x061 =307 pundsper minute

The duration of therelease (from Equation 3-5) would be:

t =20000 pund$307 pundsper minute= 65 minutes

Elevated Temperature

If theliquid is a an devated temperature (above 50 °C or at or dose to the boiling point), find the
Liguid Factor Boiling (LFB) ard the Density Fador (DF) in Exhibit B-2 of Appendix B (see Appendix D,
Section D.22, for the deivation of these factors). For temperatures up to 50 °C, you nmay use the method
abovefor ambient temperature and goply the Temperature Correction Factors, as discussed in Sction 3.2.5.
If the temperature is above 50 °C, or the liquid is a or doseto its boiling point, or no Temperature Correction
Factors are available for your liquid, clculate the release rate of the liquid from the following equation:

QR =QSx 14 x LFB x DF (3-9)
where: QR = Release rate (poundsper minute)
QS = Quantity released (pound9
1.4 = Wind peed factor = 1.5°78 where 1.5 meters per second 3.4 miles per
hou is the wind speed for the worst case
LFB = Liquid Factor Boiling
DF = Density Factor
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Example 5 Unmitigated Release a Elevated Temperature (Acrylonitrile)

You have atank containing 20000 poundsof acrylonitrile a an eevated temperature. The totd quantity in the
tank is spilled onto theground in & undiked aea, forming apool. Assume the pool goreads out to adepth of
one certimeter. The releas rate from the pool is calcdatedfrom Equation 3-4. For the calcuation, the wind
speed factor for 1.5 meters per second is1.4. From Exhibit B-2, Appendix B, LFB for acrylonitrile is 0.11 and
DFis061. Then:

QR=20000 x14 x0.11 x0.61 =1,880 poundsper minute

The duration of therelease (from Equation 3-5) would ke:

t =20000 pund$1880 mundsper minute= 11 minutes

Duration of Release

After you have estimated arelease rate as described ébove deermine the duration of the vapor
release from the pool (thetime it will t ake for the liquid pool to evaporate completely). If you @lculate a
corrected release rate for liquids above 25 °C, use the corrected release rate, estimated as discussed in Section
3.2.5 below, to estimate the release duration. To estimate the time in minutes, dividethe total quantity
released (in poundg by the release rate (in poundsper minute) as follows:

QS
t = =— _
oR (3-5)
where: t = Duration of the release (minutes)
QR = Release rate (poundsper minute) (use release rate corrected for
temperature, QR if appropriate)
QS = Quantity released (pound9

You will use the duration of the vapor release from the pool to decide which table is appropriate for
estimating digance, as discussed in Chapter 4 below.

3.2.3 Releass of Toxic Liquids with Passive Mitigation
Diked Areas
If the toxic liquid will be released into an area where it will b e contained by dikes, compare the diked
area to the maximum area of the pool that could be formed; the smaller of the two areas should ke used in

determination of the evaporation rate. The maximum area of the pool (assuming adepth of onecentimeter)
is:
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A = QS x DF (3-6)
where: A = Maximum area of pool (sguare feet) for depth of onecentimeter
QS = Quantity released (pound9
DF = Density Factor (listed in Exhibit B-2, Appendix B)

Maximum Area Smaller than Diked Area. If the maximum area of the pool is smaller than the diked
area, calculate the release rate as described for "no mitigation” above

Diked Area Smaller than Maximum Area. If the diked area is smaller than the maximum pool area,
go o Exhibit B-2 in Appendix B to find the Liquid Factor Ambient (LFA), if the liquid is a ambient
temperature, or the Liquid Factor Boiling (LFB), if the liquid is at an devated temperature. For liquids at
temperatures between 25 °C and 50 °C, you nay use the method decribed here and then apply a
Temperature Correction Factor (TCF), asdiscussed in Section 3.2.5 below, to correct the calculated release
rate. For gases liquefied by refrigeration done use LFB from Exhibit B-1. Calculate the release rate from
the diked area as follows for liquids at ambient temperature;

QR =14 x LFA x A (3-7)

or, for liquids at devated temperature or for gases liquefied by refrigeration done

QR =14 x LFB x A (3-8
where: QR = Release rate (poundsper minute)

1.4 = Wind peed factor = 1.5°78 where 1.5 meters per second 3.4 miles per
hou is the wind speed for the worst case

LFA = Liguid Factor Ambient (listed in Exhibit B-2, Appendix B)

LFB = Liguid Factor Boiling (listed in Exhibit B-1 (for liquefied geses) or B-2 (for
liquids), Appendix B)

A = Diked area (square fegt)

Potential Overflow of Diked Area. In case of alarge liquid spill, you dso need to condder whether
the liquid could oveflow the diked area. Follow these steps:

. Determine the volume of the diked area in cubic feet from surface area times depth or length
times width times depth (in feet).

. Determine the volume of liquid spilled in aubic feet from QS x DF x 0.033 OF x 0033 b
equd to 1/density in poundsper cubic foot).

. Compare the volume of the diked area to the volume of liquid spilled. If the volume of
liquid is greater than the volume of the diked area:

- Subtract the volume of the diked area from the total volume spilled to determine the
volume that might oveflow the diked area.
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- Egimate the maximum size of the pool formed by the ovaflowing liquid (in square
feet) by dividing the ovaflow volume (in cubic feet) by 0.033 the depth of the pool
in feet).

- Add the surface area of the diked area and the area of the pool formed by the
oveflow to estimate the total pool area (A).

- Egimate the evaporation rate from Equation 3-7 or 3-8 above

After you have estimated the release rate, estimate the duration of the vapor release from the pool by
dividing the total quantity spilled by the release rate (Equation 3-5 above).

Example 6 Mitigated Liquid Release & Ambient Temperature (Bromine)

You have atank containing 20000 poundsof bromine a an ambient temperature of 25 °C. Assume tha the
total quantityin the tank ispilled into a gjuare diked aea D feet ly 10 feet @real00 gjuare feet). The dike
walls are four feet high. The area (A) that would be covered to a depth of 0.033 et (one centimeter) by the
spilled liquid is given ty Equation 36 asthe guantityrelead @QS) timesthe Dengty Factor(DF). From
Exhibit B-2, Appendix B, DF for bromine is 0.16. Then:

A =20000 x0.16, or 3,200 guare feet
The diked aga issmaller than the raximum pool area. The volune ofbromine illed is 20,000 x0.16 x
0.033,0r 106 aibic feet. The spilled liquid would fll the diked aea to a deth of a little more than onedot,
well below the topof the wall. You u® the diked aa to detenine the evapration iate rom Equation 37.
For thecalculation, wind speed is 1.5 meters per second, thewind geed factor is 1.4, LFA for bromine (from
Exhibit B-2) is0.073,and A is 100 sjuare feet. Therdeaserateis:
QR=14x0.073% 100 =10 pundsper minute

The maximum duration of therelease would be:

t =20000 pund$10 poundsper minute= 2,000 mnutes

Other Containment

If the toxic liquid will be contained by other means (e.g., enclosed catch basins or trenches), condder
the total quantity that could ke spilled and estimate the surface area of the released liquid that potentially
would ke exposed to the air. Look & the dimensions of trenches or other areas where spilled liquids would be
exposed to the air to deermine the surface area of poolsthat could be formed. Use the instructions aboveto
estimate a réease rate from the total surface area.
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Releases into Buildings

If the toxic liquid is released inside a building, mmpare the area of the pool that would be formed
(depending upn floor space or passive mitigation) to the maximum area of the pool that could be formed (if
the liquid is not contained); the smaller of the two areas should ke used in deermining the evaporation rate.
The maximum area of the pool is daermined as described abovefor releases into diked areas, usng Equaion
3-6. If thetoxic liquid would goread to cove the building floor, you deermine the area of the building floor
as

A=LxW (3-9
where: A = Area (gjuarefeet)
L = Length (fet)
w = Width (feet)

If there are abstales such as dikes inside the building, deermine the size of the pool that would ke formed
based on he area ddined by the dikes or other obstales.

The evaporation rate is then deermined for a worst-case scenario (i.e, wind geed is 1.5 meters per
second 3.4 miles per houw)), using Equation 3-3 or 3-4, if the liquid spreadsto its maximum area, or
Equation 3-7 or 3-8, if the pool area is smaller than the maximum. The maximum rate of evaporated liquid
exiting the building is taken to be 10 percent of the calculated worst-case scenario evaporation rate (see
Appendix D, Sction D.24 for the deivation of this factor), as follows:

QR; = 0.1 x QR (3-10)
where: QR, = Release rate from building
QR = Release rate from pool, estimated as discussed above
0.1 = Mitigation factor, discussed in Appendix D, Section D.24

Note that the mitigation factor (i.e, 0.1) presented in this method asumes that the release occurs in a
fully enclosed, nonairtight space that is directly adjacent to the outside air. It may notapply to a releasein
an interior roomthat is enclosed within abuilding, orto a space that has doois or windows that could ke open
during ardease. In such cases, you may want to condder performing site-specific modding to deermine the
appropriate amount of passive mitigation.
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Example 7. Liquid Reease Inside Building (Bromine)

Suppose that your tark of bromine from Exanple 6is contained inside a gorage $ed 10 feet ty 10 feet @rea
100 gjuare feet). There are no dikes inside the shed. From Example 6, you see that the area covered by the
bromine inanunenclosed space vould be 3,200 gjuare feet. The building areais smaller than the maximum
pool area; therefore, thebuilding floor area should ke used to deermine the evaporation rate from Equaion 3-
7. For the calcuation, first determmine the worst-cae serario evaporation rate:

QR=14 %0073 x100 =10 poundsper minute

The relea® rate tothe autside air of the evaporatedliquid leaving the huilding would then be;

QR; = 0.1 x 10 poundsper minute= 1 pound @& minute

3.24 Mixtures Containing Toxic Liquids

Mixtures containing regulated toxic substances do not have to be considered if the concentration of
the regulated substance in the mixture is bd ow one percent by weight or if you @n demondrate that the
partial vapor pressure of the regulated substances in the mixture is bdow 10 millim eters of mercury (mm
Hg). Regulated substances present as by-produds or impurities would ned to be conddered if they are
present in conaentrations of onepercent or greater in quantities abovetheir thresholds and their partial vapor
pressures are 10 mm Hg or highe. In case of a spill of aliquid mixture containing aregulaed toxic
substance with patial vapor pressue of 10 nm Hg or highe (with the exception of common water solutions,
discussed in the next section), you have several options for estimating arelease rate:

. Carryout the aralysis asdescribed alove in Sections 3.2.2 or 3.2.3 using the quantity of the
regulated aubstance in the mixture and the liquid factor (LFA or LFB) ard density factor for
the regulated substance in pure form. Thisis asimple approach that likely will give
consrvative results.

. If you knowthe partial pressure of the regulated substance in the mixture, you may estimate
amore realistic evaporation rate. An ejuaion for the evaporation rate is given a the end of
Section B.2 in Appendix B.

- In this case, estimate a pool Sze for the entire quantity of the mixture, for an
unnitigated rlease. If you knowthe densty of the mixture, you may useit in
estimating the pool sze; othewise, you nmay assume the densty is the same as the
pure regulated substance (in most @ses, this assumption is unlikdy to have alarge
effecton the results).

. You may estimate the partial pressure of the regulated substance in the mixture by the

method described in Sction B.2 in Appendix B and us the equation presented there to
estimate an evaporation rate. This equation is appropriate to mixtures and lutionsin
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which the components do notinteract with each other. It is probably inappropriate for most
water solutions. It is likely to overestimate the partial vapor pressure of regulaed
substances in water solutionsin which hydrogen bonding nay oacur (e.g., olutions of acids
or dcoholg. As discussed above use the pool sze for the entire quantity of the mixture for
an unnitigated release.

Example 8. Mixture Containing Toxic Liquid (Acrylonitrile)

You have atank containing 50000 pundsof a mixture of acrylonitrile (a regulated substance) and N,N-
dimethyiformamide (hot regulated) The weight of each othe conponentsof the mixture isknown
(acrylonitrile = 20000 munds N,N-dimethylformamide = 30,000 punds) The molecular weight of
actylonitrile, from Exhibit B-2, is 53.06, and the rlecularweight ofN,N-dimethyiformamde is73.09. Using
Equation B3, Appendix B, calculate the ohe fraction ofaciylonitrile in the slution asfollows:

X, = (2@005306)
(200005306) +(30000/7309)
X =_ 377
377 #10
X, =048

Estimate the prtial vapor pressure of acylonitrile usng Equation B4 asfollows (using the vapr pressure of
actylonitrile in pure form at 2°C, 108 mm Hg, from Exhibit B-2, Appendix B):

VP, =048 x108 =518 nm Hg
Before calcuating evaporation rate for aciylonitrile in the mixture, you must determine tre sirface aea d the
pool formed by the entie quantity of the mixture, usng Equation 36. The quantity released is50,000 ppunds
and the [Bndty Factorfor acrylonitrile is 0.61 in Exhibit B-2; therefore:

A =50000 x 061 =30500 guare feet

Now calculate the evaporation rate for acrylonitrile in themixture from Equation B-5 ugng theVP, and A
calcuatedatove:

QR=_00035x 10 x (5306)° x 30500 x 518
28

QR =262 pundsper minute

3.25 Release Rat Correction for Toxic Liquids Releasedat Temperatures
Between 25°C and 50°C

If your liquid is a atemperature between 25 °C (77 °F) and 50 °C (122°F), you must wse the highe
temperature for the offsite consequence analysis. You may correct the release rate calculated for apool a 25
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°C to estimate from a pool a the highe temperature usng Temperature Correction Factors (TCF) provided in
Appendix B, Exhibit B-4. Calculate a corrected release rate as follows:;

. Calculate the rlease rate (QR) of the liquid a 25 °C (77 °F) as described in Section 3.2.2
(for unnitigated releases) or 3.2.3 (for releases with passive mitigation).

. From Exhibit B-4 in Appendix B:
- Find your liquid in the left-hand @lumn of the table.
- Find the temperature dosest to your temperature a the top of the table. If your
temperature is at the midpoint between two temperatures, go b the highe
temperature; othewise go © the dosest temperature (highe or lower than your

temperature).

- Find the TCF for your liquid in the column for the appropriate temperature.

. Edimate a corrected release rate (QR.) by multiplying the estimated release rate by the TCF;
ie.,
QR. = QR x TCF (3-11)
where: QR: Corrected rdease rate

Relesse rate cdculated for 25 °C
Temperature Correction Factor (from Exhibit B-4, Appendix B)

QR
TCF

The deivation of the Temperature Correction Factors is discussed in Appendix D, Section D.22. If
you have vapor pressure-temperature daa for aliquid notcovered in Exhibit B-4, you nay correct the
evaporation rate usng the method presented in Section D.2.2.
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Example 9 Liquid Release & Ambient Temperature Between25 °C and 50 °C (Bromine)

Assume the tank containing 20000 ppundsof bromine, from Example 6, is & an ambient temperature of 35 °C
(95°F). Asin Exanple 6 the total giantityin the tank ispilled into a diked enclage that corpletely contains
the gill. The wrface aea is100 guare feet. In Example 6, the release rate (QR) at 25 °C was calculated from
Equation 3-7 to be 10 poundsper minute To adjust therelease rate for thetemperature of 35 °C, you find the
Temperature Correction Factor (TCF) for bromine a 35 °C from Exhibit B-4 in Appendix B. The TCF at this
tenperature is1.5; the carectedreleas rate (QR.) at 3 °C, from Equation 3-11, is

QR. =10 x 1.5 = 15 poundsper minute

The duration of therelease (from Equation 3-5) would ke:

t =20000 pund$15 poundsper minute= 1,300 mnutes

33 Release Rates for Common Water Soltions of Toxic Subgances and for
Oleum

In Section 3.3

. Methodsto estimate therelease rates for several common waer solutions and
for oleum, including:

-- Evaporation fom poolswith no nitigation (see 32.2),

-- Evaporation from poolswith dikes (see 3.2.3),

-- Releassat eleatedtenperaturesof solutions of gases, ard
-- Releassat eleatedtenperatuesof solutions of liquids.

This section presents a simple method of estimating the release rate from spills of water solutions of
several suWbstances. Oleum (a solution of sulfur trioxide in sulfuric acid) aso is discussed in this section.

The vapor pressure and evaporation rate of a substance in solution dggendson its conantration in
the solution. If a coneentrated water solution containing avolatile toxic substance is sqlled, the toxic
substanceinitially will evaporate more quickly than water from the spilled solution, and the vapor pressure
and evaporation rate will decrease as the concentration of the toxic substance in the solution decreases. At
much lower coneentrations, water may evaporate more quickly than the toxic substaice. Thereis one
congentration a which the compostion of the solution does not changeas evaporation occurs. For most
situations of interest, the concentration exceed this concertration, and the toxic substance evaporates more
quickly than water.

For estimating release rates from solutions, this guidance lists Iquid factors (ambient) for several

common weter solutions a several coneentrations that take into accountthe decrease in evaporation rate with
decreasing concentration. Exhibit B-3 in Appendix B provides LFA and DFvdues for several conaentrations
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of ammonia, formaldehyde, hydrochloric acid, hydrofluoric acid, and nitric acid in water solution. Factors for
oleumare dso induded in the exhibit. Chlorine dioxide adso may be found in vater solutions, however,
solutions of chlorine dioxide commonly are below onepercent congentration. Solutions below onepercent
conantration do nothave to be consdered. Chlorine dioxide, therefore, is notincduded in Exhibit B-3. These
factors may beused to estimate an average release rate for the listed substances from a pool formed by a spill
of solution. Liquid factors are provided for two different wind goeeds, because the wind speed affects the rate
of evaporation.

For the worst case, use the factor for awind peed of 1.5 meters per second 3.4 miles per hous).
You ned to condder only the first 10 minutes of the release for solutions unde ambient conditionsin
estimating the consequence distance, because the toxic component in asolution evaporates fastest during the
first few minutes of a spill, when its concentration is highest. Modding indicates that analysis conddering
the first 10 minutes of the release gives agood gproximation of the ovaall consequences of the release.
Although he toxic substance will continueto evaporate from the pool &ter 10 minutes, the rate of
evaporation is so much lower that it can safely be ignored in estimating the consequence distance. (See
Appendix D, Sction D.23, for more information.) Edimate release rates as follows:;

Ambient Temperature

. Unmitigated. If no passive mitigation measures are in place, and the solution is a ambient
temperature, find the LFA at 1.5 meters per second (3.4 miles per hour) and DFfor the
solution in Appendix B, Exhibit B-3. Follow the ingtructions for liquids presented in
Section 3.2.2 aboveto estimate the release rate of the listed substance in solution. Use the
total quantity of the solution as the quantity released (QS) in carrying outthe calculation of
rdeaserate.

. Mitigated. If passive mitigation isin place, and the solution is a ambient temperature, find
the LFA at 1.5 meters per second (3.4 miles per houn in Appendix B, Exhibit B-3, and
follow the ingtructions for liquidsin Section 3.2.3 above Use the total quantity of the
solution to estimate the maximum pool area for comparison with the diked area.
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Example 10. Evaporation Rate for Water Solution at Ambient Temperature (Hydrochloric Acid)

You have atank containing 50000 poundsof 37 percent hydrochloric acid solution, a ambient temperature.
For the worst-ca® aralysis, you asume the ertire canterts of the tark is released forming a pol. The releae
occurs in adiked area of 9,000 gjuare feet.

From Exhibit B-3, Appendix B, the Dendty Factor (DF) for 37 percent hydrochloric acid is0.42. From
Equation 3-6, the maximum area of the pool would be50000 imes 042, or 21000 gjuare feet. The diked
areais smaler; therefore, thediked area should ke used in theevaporation rate (release rate) calculation, usng
Equation 3-7.

For the calculation using Equation 3-7, you need the pool area (9,000 gjuare feet) and the Liquid Factor
Ambient (LFA) for 37 percent hydrochloric acid; you assume awind peed of 1.5 meters per second, so the
wind speed factor is 1.4. From Exhibit B-3, Appendix B, the LFA is 0.0085. From Equation 3-7,the release
rate (QR) of hydrogen dhloride from thepool is:

QR=14 x9,000 x0.0085 =107 pundsper minute

Y ou do not needto cansider the duration of the release, because only the first tenminutesare cansidered

Elevated Temperature

. Known Vapor Pressure. If the solution is at an devated temperature, the vapor pressure of
the regulated substance and its rdlease rate from the solution will be much highe. This
guidance does notindudetemperature correction factors for evaporation rates of regulaed
substances from solutions. If you knowthe partial vapor pressure of the toxic substance in
solution a the relevant temperature, you @n carry out the calculation of the release rate
using the equationsin Appendix D, SectionsD.2.1 and D.22. As for releases of solutions at
ambient temperature, you onlyneed to condgder the first 10 minutes of the release, because
the evaporation rate of the toxic substance from the solution will decrease rapidly as its
congentration decreases.

. Unknown Vapor Pressure. If you do notknowthe vapor pressure of the substance in
solution, & a consrvative approach for the worst-case analysis, use the appropriate
instructions, as follows:

-- Solutions ontaining substares that aregases unde ambient conditions The
list of regulated substances includes several substances that, in their pure form, are
gases unde ambient conditions, but that may commonly be found in vater
solutions. These substances include ammonia, formaldehyde, hydrogen chloride,
and hydrogen fluoride. For ardease of a solution of ammonia, formaldehyde,
hydrochloric acid, or hydrofluoric acid above ambient temperature, if you do not
have vapor pressure data for the temperature of interest or prefer asimpler method,
assume the guantity of the pure stbstance in the solution is released as agas ove 10
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minutes, as discussed in Section 3.1 above You may deermine the amount of pure
substance in the solution from the concentration (e.g., asolution of 37 percent
hydrochloric acid by weight would @ntain a quantity of hydrogen chloride equd to
0.37 times the total weight of the solution).

Acid)

solution.

Example 11. Evaporation Rate for Gasin Water Solution at Elevated Temperature (Hydrochloric

You have 50000 mundsof 37 percent hydrochloric acid solution in ahightemperature process. For the
worst-ca® aralysis, you asume the ertire cotterts of the proces vessel is released In this ca®, kecause the
solution is a an eevated temperature, you cnsder therelease of gaseoushydrogen chloride from the hot

The solution would contain 50000 x0.37 poundsof hydrogen chloride, or 18,500 punds You asume the
entire 18 500 poundsis released ove 10 minutes. From Equation 3-1, therelease rate is 18,500 dvided by 10,
or 1,850 ppundsper minute
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Liguids in solution If you hare vapor pressure data for the liquid in slution
(including nitric acid in water solution and sulfur trioxide in oleum) at the
temperature d intered, you may use that data to egimate the reease rate, as
discussed above You only need to condder the first 10 minutes of the evaporation.

For ardease of nitric acid solution a atemperature above ambient, if you do not
have vapor pressure data or prefer to use this smpler method, déermine the
guantity of pure nitric acid in the solution from the conaentration. Assume the
quartity of pure nitric add is rdeased at andevated temperature ard estimate a
release rate as discussed in Section 3.2 above, usng the LFB. For temperatures
between25 °C and 50 °C, you may use the LFA and the emperature carecion
factors for the pure substance, as desaibed in Section 3.2.5. You do notneed to
estimate the duration of the release, because you onlycondder the first 10 minutes.

Similarly, for a réease of oleum at andevated temperature, determine the quartity
of free sulfur trioxide in the oleum from the concentration and assume the sulfur
trioxide is released at an devated temperature. Usethe LFB or the LFA and
temperature correction factors for sulfur trioxide to estimate arelease rate as
discussed in Section 3.2. You onlynesd to condder the first 10 minutes of the
release in your analysis.

For a spill of liquid in slution into adiked area, you would ned to consder the
total quantity of solution in deermining whether the liquid could oveflow the diked
area (see the steps in Section 3.2.3). If you find that the liquid could oveflow the
dikes, you would nexd to consder both the quantity of pure substance remaining
inside the diked area and the quantity of pure substance splled ouside the diked
area in carrying outthe release rate analysis as discussed in Section 3.2.3.
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Example 12. Evaporation Rate for Lig uid in Water Solution at Elevated Temperature (Nitric Acid)

You have 18000 mundsof 90 percent nitric acid solution in ahigh temperature process. The solution would
contain 18000 x0.90 poundsof nitric acid, or 16,200 punds You asume 16,200 pundsof pure nitric acid
is relea®dat anelevatedtenperatue.

For the calculation usg Equation 34, you need the upntity released (16,200);the Liquid Factor Boiling
(LFB) for nitric acid .12 from Exhibit B-2); the Dengty Factor(DF) for nitric acid .32 from Exhibit B-2);
and you assume awind geed of 1.5 meter per second, so thewind goeed factor is 1.4. From Equation 3-4, the
releas rate (QR) of hot nitic acid is

QR=16200 x14 x0.12 x0.32 =870 ppundsper minute

Y ou do not needto egimate tle duration of releas, becawse you only consider the first 10 minutes
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ENDPOINT

In Chapter 4

. Reference tatbesof distarncesfor worst-ca® releases including:

-- Generic reference tables (Exhibit 2), and
-- Chemical-specific reference talbes (Exhibit 3).

. Consderationsinclude
-- Gas dengty (neutrally buoyant or dense),

-- Duration of release (10 minutes or 60 minutes),
-- Topography (rural or urban).

This guidance provides reference tables giving worst-case distances for neutrally buoyant gases and
vapors and for dense gases and vapors for bath rural (open) and urban (obstiucted) areas. This chapter
describes these reference tables and gives instrudtions to hdp you choos the appropriate table to estimate
consequence dstancesfor the worst-case analysis.

Neutrally buoyant geses and vapors have approximatey the same densty as air, and dense gases and
vapors are heavier than air. Neutrally buoyant and dense gases are dispersed in different ways when they are
released; therefore, modding was carried out to develop separatk reference tables. These generic reference
tables can be used to estimate distances usng the specified toxic endpoint for each substance and the
estimated release rate to air. In addition to the generic tables, chemical-specific reference tables are provided
for ammonia, chlorine, and sulfur dioxide. These chemical-specific tables were developed based on nodding
carried out for indugry-specific guidance doauments. All the tables were developed assuming awind soeed
of 1.5 meters per second 3.4 miles per hour) and Fstability. To use the reference tables, you ned the worst-
case release rates estimated as described in the previous sections. For liquid pool evaporation, you dso need
the duration of the rlease. In addition, to use the generic tables, you will need to deermine the appropriate
toxic endpoint and whethe the gas or vapor is neutrally buoyant or dense, usng the exhibits in Appendix B.
You may interpolate between entries in the reference tables.

Gengic reference tables are provided for both 10-minute releases and 80-minute releases. You
should ug the tables for 10-minute releases if the duration of your release is 10 minutes or less; se the tables
for 60-minute releases if the duration of your release is more than 10 minutes. For the worst-case analysis, dl
releases of toxic gases are assumed to last for 10 minutes. You need to condder the estimated duiation of the
release (from Equation 3-5) for evaporation of pools of toxic liquids. For evaporation of water solutions of
toxic liquids or of oleum, you should dways use the tables for 10-minute releases.

The geneic reference tables of distances (Reference Tables 1-8), which should e used for
substances other than ammonia, chlorine, and sulfur dioxide, are found a the end of Chapter 5. The generic
tables and the conditions for which each table are gpplicable are described in Exhibit 2. Chemical-specific
reference tables of distances (Reference Tables 9-12) follow the generic reference tables at the end of Chapter
5. Each of these chemical- specific tables indudes distances for both rural and utban topography. These
tables are described in Exhibit 3.
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Rememier that these reference Bblesprovide only rough etimates, not accurate predictions, of the
distances that might be reached unde worst-case conditions. In particular, athough he distances in the
tables are as great as 25 miles, you should bear in mind that the larger distanoces (more than six to ten miles)
are very unartain.

To use the reference tables of distances, follow these steps:

For Regulated Toxic SubstancesOther than Ammania, Chlorine, and Qulfur Dioxide

. Find the toxic endpoint for the substance in Appendix B (Exhibit B-1 for toxic gases or
Exhibit B-2 for toxic liquids).

. Determine whether the table for neutrally buoyant or dense gases and vapors is gppropriate
from Appendix B (Exhibit B-1 for toxic gases or Exhibit B-2 for toxic liquids). A toxic ges
that is lighter than air may behave as a dense gas upon rdease if it is liquefied unde
pressure, because the released gas may be mixed with liquid droplets, or if it is cold.
Condder the state of the released gas when you deside which table is appropriate.

. Determine whether the table for rural or urban conditionsis appropriate.

- Usetherural tableif your siteis in an open area with few obstuctions.

- Use the urban table if your siteis in an urban or obstiucted area. The urban tables
are gppropriate if there are many obstiuctionsin the area, even if it is in aremote
location, notin adity.

. Determine whether the 10-minute table or the 60-minute table is appropriate.

- Always use the 10-minute table for worst-case releases of toxic gases.

- Always use the 10-minute table for worst-case releases of common weter solutions
and olaum from evaporating pools, for both ambient and devated temperatures.

- If you estimated the release duration for an evaporating toxic liquid pool to be 10
minutes or less, use the 10-minute table.

- If you estimated the release duration for an evaporating toxic liquid pool to be more
than 10 minutes, use the 60-minute table.
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Exhibit 2
Gereric Reference Tablesof Distancesfor Worst-case Scerarios
Applicable Conditions Reference Table
. . Number
Gasor Vapor Density Topography Release Duration
(minutes)
Neutrally buoyant Rura 10 1
60 2
Urban 10 3
60 4
Dense Rural 10 5
60 6
Urban 10 7
60 8
Exhibit 3
Chemical-Specfic Reference Tablesof Distancesfor Worst-case Scerarios
Applicable Conditions Reference
Substance Table
Gasor Vapor Topography Release Duration Number
Density (minutes)
Anhydrousammonia Dense Rural, Urban 10 9
ligudfied unde pressure
Noniquefied anmonia, Neutrally buoyant Rural, Urban 10 10
ammonialiquefied by
refrigeration, or agueous
ammonia
Chlorine Dense Rural, Urban 10 11
Sulfur dioxide (anhydroug Dense Rural, Urban 10 12
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Neutrally Buoyant Gases or Vapors

If Exhibit B-1 or B-2 indicates the gas or vapor should ke conddered neutrally buoyant, and
othe factors would notcause the gas or vapor to behave as a dense gas, divide the estimated
release rate (poundsper minute) by the toxic endpoint (milligr ams per liter).

Find the rangeof release rate/toxic endpoint vaues that indudes your calculated release
rate/toxic endpoint in the first column of the appropriate table (Reference Table 1, 2, 3, or
4), then find the corresponding disance to the right (see Example 13 below).

Dense Gases or Vapors

If Exhibit B-1 or B-2 or condderation of other relevant factors indicates the substance
should ke conddered adense gas or vapor (heavier than air), find the distance in the
appropriate table (Reference Table 5, 6, 7, or 8) as follows;

- Find the toxic endpoint dosest to that of the substance by reading across the top of
the table. If the endpoint of the substance is halfway between two values an the
table, choos the value on te table that is smaller (to the left). Otherwise, chooe
the dosest vaue to the right or the left.

- Find the release rate dosest to the release rate estimated for the substance at the left
of thetable. If the calculated rdlease rate is hdfway between two vdues on the
table, choos the release rate that is larger (farther down on the table). Otherwise,
choos the dosest vaue (up or down on te table).

- Read across from the release rate and down from the endpoint to find the distance
corresponding b the toxic endpoint and release rate for your substaice.

For Ammaia, Chlorine, or Qulfur Dioxide
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Find the appropriate chemical-specific table for your substaice (see the desaiptions of
Reference Tables 9-12 in Exhibit 3).

- If you have ammonialiqu€ied by refrigeration done you may use Reference Table
10, even if the duration of the rlease is greater than 10 minutes.

- If you have chlorine or sulfur dioxide liquefied by refrigeration done you may use
the chemical-specific reference tables, even if the duration of the release is greater
than 10 minutes.

Determine whether rural or urban topography is applicable to your site.

- Use the rural column in the reference table if your siteis in an open area with few
obstiuctions.
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- Use the urban wlumn if your siteis in an urban or obstcted area. The urban
column is appropriate if there are many obstiuctionsin the area, evenif it isin a
remote location, notin adity.

. Egimate the consequence distance as follows:

-- In the left-hand @lumn of the table, find the release rate dosest to your calculated
releae rate.

- Read the corresponding disance from the appropriate column (urban or rural) to the
right.

The development of Reference Tables 1-8 is discussed in Appendix D, Sections D.4.1 and D.42.
The development of Reference Tables 9-12 is discussed in indugry-specific risk managemen program
guidance doauments and abackup information doaiment that are cited in Section D.4.3. If you think the
results of the method presented here ovestate the potential consequences of aworst-case release a your site,
you may choo® to use othe methodsor modds that take additiond site-specific factors into account

Examples 14 and 15 below indude the results of modding usng two othe modds, the Areal
Locations of HazadousAtmospheres (ALOHA) and the Word Bank Hazara Analysis (WHAZAN)
systems. These additiond results are provided for comparison with the results of the methodspresented in
this guidance. The same modding parameters were used as in the modding carried out for development of
the reference tables of distances. Appendix D, Section D.4.5, provides information on he modding carried
outwith ALOHA and WHAZAN.

Example 13. Gas Release (Diborane)

In Example 1, you estimated a release rate for diborane gas of 250 pundsper minute From Exhibit B-1, the
toxic endpoint for diborane is 0.0011 ng/L, and the apprapriate reference table for diborane is aneutrally
buoyant gagalde. Y our facility and the srrounding aea have many buildings, piecesof equipment, and other
obstructions; therefore, you asume urban conditions. The agpropriate eference talbe isRefrence Talbe 3 for
a 10-minute release d a reutrally buoyart gas in anurban area.

The rdlease rate divided by toxic endpoint for this example is 2500.0011 =230000.

From Reference Table 3, rease rate divided by toxic endpoint falls beween 221000 and 264000,
corresponding to &out 81 miles.
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Example 14. Gas Release (Ethylene Oxide)
You have atank containing 10000 poundsof ethylene oxide which is a gas unde ambient conditions
Assuming the total gantityin the tank igeleasd overa 10-minute @riod, the elea® rate (QR) from Equation
3-1is

QR=10000 ppund#10 minutes = 1,000 mundsper minute
From Exhibit B-1, thetoxic endpoint for ethylene oxideis 0.09 mg/L, and theappropriate reference table is the
den® gagtable. Your facility is in an on, urd area with 8w obstructions therefore, you ue the tabe for
rural areas
Using Rderence Table 5 for 10-minutereleases of dense gases in rural areas, thetoxic endpoint of 0.09 mg/L
iscloser to 0.1 than 0.075 ny/L. For ardeaserate of 1,000 pundsper minute thedistance to 0.1 mg/L is 3.6
miles.

Additional Modeling for Comparison

The ALOHA modd gave a distance of 2.2 miles to theendpoint, usng thesame assumptions

The WHAZAN modd gave a distance of 2.7 miles to theendpoint, usng thesame assumptions and thedense
cloud digersion nodd.

Example 15. Liquid Evaporation from Pool (Acrylonitrile)

You estimated an evaporation rate of 307 pundsper minutefor acrylonitrile from a pool formed by therelease
of 20000 poundsinto an undiked area (Example 4). You estimated thetime for evaporation of the pool as 65
minutes. From Exhibit B-2, the toxic endpoint for acrylonitrile is 0.076 ng/L, and the gppraqoriate reference
table for a wosst-ca® releas ofacrylonitrile is the dene gagtalde. Your facility is in an uban ara. You ue
Reference Talbe 8for 60-minute releaesof dense gases in urban areas

From Reference Table 8, the toxic endpoint closest to 0.076 ng/L is 0.075 ng/L, and the closest release rete to
307 pundsper minuteis 250 pundsper minute Using these vaues, the table gives a worst-case
consequence dstarce d 2.9 miles.

Additional Modeling for Comparison

The ALOHA modd gave a disgtance of 1.3 miles to the endpoint for arelease rate of 307 ppundsper minute
using thesame assumptions

The WHAZAN modd gave a distance of 1.0 mile to the endpoint for arelease rate of 307 pundsper minute
usng thesame assumptions and thedense cloud digersion nodd.
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5 ESTIMATI ON OF DISTANCE TO OVERPRESSURE ENDPOINT
FOR FLAM MABLE SUBSTANCES

In Chapter 5

. Methodsto estimate the worst-case consequence distances for releases of
flammable sibstarces

5.1 Vapor doud eplosons of flammable substances tha are not
mixed with othe substances, and
5.2 Vapor doud eplosons of flammable substances in mixtures.

For the worst-case scenario involving arelease of flammable gases and volaile flammable liquids,
you must assume that the total quantity of the flammable substance forms avapor doud within the upper and
lower flammabilit y limits and the doud deonaes. As aconsrvative worst-case assumption, if you ue the
method presented here, you nust assume that 10 percent of the flammable vapor in the doud participates in
the explosion. You ned to estimate the consequence distance to an ovepressure level of 1 pound per square
inch (psi) from the explosion of the vapor cdoud. An overpressure of 1 psi may cause partial demolition of
houses, which can result in serious injuries to people, and shattering of glass windows, which may cause skin
laceration from flying gless.

This chapter presents a simple method for estimating the distance to the endpoint for a vapor cloud
explosion of aregulaed substance. The method presented hee for analysis of vapor doud eplosionsis
based on aTNT-equivalent modd. Other methodsare available for analysis of vapor doud explosions,
including nethodsthat condder site-specific conditions. You may use othe methodsfor your worst-case
analysis if you 9 choos, provided you assume the total quantity of flammable substaice is in the doud and
use an endpoint of 1 psi. If you ue a TNT-equivalent modd, you nmust assume ayield factor of 10 percent.
Appendix A includes references to doauments and jound articles on vapor doud eplosionsthat may
provide useful information on nethodsof analysis.

51 Flammable Subgances Not in M ixtures

For the worst-case analysis of aregulated flammable substance that is not in a mixture with other
substances, you may estimate the conseguence distance for agiven quantity of aregulaed flammable
substance using Reference Table 13. This table provides distances to 1 psi overpressure for vapor cloud
explosions of quantities from 500 t02,000000 punds These distances were estimated by a TNT-
equivalent modd, Equation C-1 in Appendix C, Section C.1, usng the worst-case assumptions described
above and dda providad in Exhibit C-1, Appendix C. If you prefer, you may calculate your worst-case
conseguence distance for flammable substances from the heat of combustion of the flammable substance and
Equaion C-1 or C-2.
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Example 16. Vapor Cloud Explosion (Propane)

You have atank containing 50000 poundsof propane. From Reference Table 13, thedistance to 1 psi
overpressure is 0.3 miles for 50000 poundsof propane.

Alternatively, you @n calculate the distance to 1 psi usng Equation C-2 from Appendix C:

D =0.0081 x[ 0.1 x50000 x(463334,680) [*

D =0.3 miles

52 Flammable Mixtures

If you have more than 10000 mundsof a mixture of flammable substances that mees the ciiteria
for listing unde CAA section 112(r) (flash point below 22.8 °C (73 °F), boiling point below 37.8 °C (100
°F), Nationd Fire Protection Association (NFPA) flammabilit y hazardratng of 4), you may ned to carry out
aworst-case consequence analysis for the mixture. (If the mixture itself does not meetthese ciiteria, it is not
coveared, and no aalysis is required, even if the mixture contains oneor more regulated substances.) You
should arry out the aralysis using the total quantity of al regulated flammable substance or substances in the
mixture. Non-flammable components should notbe induded. However, if additiond (non+egulated)
flammable substances are present in the mixture, you should indude them in the quantity used in the analysis.

For simplicity, you may carry out the worst-case aralysis based on the predominant regulated
flammable component of the mixture or a major component of the mixture with the highest heat of
combusgtion if the whole vapor doud @nsgsts d flammable substances (see Exhibit C-1, Appendix C for data
on het of combugtion). Egimate the consequence distance from Reference Table 13 for the major
component with the highest heat of combustion, essuming that the quantity in the doud isthe total quantity
of the mixture. If you hare a mixture in which the heats of combustion of the components do notdiffer
significantly (e.g., amixture of hydrocarbong), this method islikely to give reasonable results.

Alternaively, you may estimate the heat of combustion of the mixture from the heats of combustion
of the components of the mixture usng the method described in Appendix C, Section C.2, and then use
Equaion C-1 or C-2 in Appendix C to deermine the vapor doud eplosion digance. This method nay be
appropriate if you have a mixture that indudes components with significantly different heats of combustion
(e.g., amixture of hydrogen and hydrocarbong that make up a significant portion of the mixture.

Examples 17 and 18 illustrate the two methodsof analysis. In Example 17, the heat of combustion
of the mixture is estimated, and the distance to the endpoint is calculated from Equation C-2. In Example 18,
the component of the mixture with the highest heat of combustion is assumed to represent the entire mixture,
and the distance to the endpoint is read from Reference Table 13. For the mixture of two hydrocarbonsused
in the example, the methodsgive very similar results.
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Chager5
Edimation of Distance toOverpressure Endpoint for Hammable Substarces

Example 17. Estimating Heat of Combustion of Mixture for Vapor Cloud Explosion Analysis
You have amixture of 8,000 pundsof ethyene ¢(he reactantiand 2000 pundsof isobutane (a catalyst
carier). Tocary out the worst-cas aralysis, egimate tte heat ¢ cambustion of the mixture from the reatsof

combustion of the components of the mixture. (Ethylene heat of combustion = 47145 Kklojoules pe kilogram;
isobutane heat of combustion = 45576).Using Equation C-3, Appendix C:

HC, =[ (8.000R2) x 47145]+[ (200022) x 45576 ]
(10000R.2) (100002.2)

HC,, = (37,716) +(9,115)
HC,, = 46831 klojoules per kilogram

Now use the calclatedheat ¢ combustion for the mixture in Equation C-2 to calcuate the dstarce tol psi
overpressure for vapor cloud eploson.

D =00081 x[ 0.1 x 10000 x(468314,680) |*

D =02 miles

Example 18. Vapor Cloud Explosion of Flammable Mixture (Ethylene and Isobutane)

You have 10000 mundsof a mixture ofethyene the reactantiand i®butane & catalyt carier). To cary out
the worst-case analysis, assume the quantity in thecloud isthetotd quantity of the mixture. Use data for
ethylene becase it is the canponent with the Hghest heat ¢ combustion. (Ethylere heat ¢ combustion =
47145 klojoules pea kilogram; isobutane heat of combustion = 45576, from Exhibit C-1, Appendix C). From
Reference Table 13, the distance to 1 ps overpressure is 0.2 miles for 10000 mundsof ethylene this distance
would aso apply to the 10000-mund nixture of ethylene and isobutane.
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Reference Table 1
Neutrally Buoyant Plume Distances to Toxic Endpoint for ReleaseRate Divided by Endpoint
10-Minute Release, Rural Conditions, F Sabilit y, Wind Speed 15 Metersper Secad

Release Rate/Endpoint Distanceto Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint

(miles) (miles)
0-44 0.1 16,000 - 18000 4.8
44 - 37 0.2 18,000 - 19000 5.0
37 -97 0.3 19000 - 21000 52
97 - 180 04 21000 - 23000 54
180 - 340 0.6 23000 - 24000 56
340 - 530 0.8 24000 - 26000 58
530 - 760 10 26,000 - 28000 6.0
760 - 1000 12 28000 - 29600 6.2
1,000 - 1500 14 29600 - 35600 6.8
1,500 - 1900 16 35600 - 42000 75
1,900 - 2400 18 42000 - 48300 8.1
2,400 - 2900 20 48800 - 56000 8.7
2,900 - 3500 2.2 56,000 - 63600 9.3
3,500 - 4400 24 63,600 - 71500 9.9
4400 - 5100 26 71500 - 88500 11
5,100 - 5900 28 88500 - 107000 12
5,900 - 6800 3.0 107000 - 126000 14
6,800 - 7700 3.2 126000 - 147000 15
7,700 - 9000 34 147000 - 169900 16
9,000 - 10000 3.6 169000 - 191000 17
10,000 - 11000 38 191000 - 215000 19
11000 - 12000 40 215000 - 279000 22
12000 - 14000 4.2 279000 - 347000 25

14000 - 15000 44 >347000 >25*

15,000 - 16000 46

*Report distarce as25 miles
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Reference Table 2
Neutrally Buoyant Plume Distances to Toxic Endpoint for ReleaseRate Divided by Endpoint
60-Min ute Rdlease, Rural Conditions, F Sability, Wind Speed 15 Meters per Secod

April 15,1999

Release Rate/Endpoint Distanceto Release Rate/Endpoint Distance to
[(ITbs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint

(miles) (miles)
0-55 0.1 7,400 - 7700 48
55-46 0.2 7,700 - 8100 50
46 - 120 0.3 8,100 - 8500 52
120 - 220 04 8,500 - 8900 54
220 - 420 0.6 8,900 - 9200 5.6
420 - 650 0.8 9,200 - 9600 58
650 - 910 10 9,600 - 10000 6.0
910 - 1200 12 10,000 - 10400 6.2
1,200 - 1600 14 10400 - 11700 6.8
1,600 - 1900 16 11,700 - 13100 7.5
1,900 - 2300 18 13,100 - 14500 8.1
2,300 - 2600 20 14500 - 15900 8.7
2,600 - 2900 2.2 15900 - 17500 9.3
2,900 - 3400 24 17500 - 19100 9.9
3,400 - 3700 2.6 19,100 - 22600 11
3,700 - 4100 2.8 22600 - 26300 12
4,100 - 4400 3.0 26,300 - 30300 14
4,400 - 4800 3.2 30,300 - 34500 15
4,800 - 5200 34 34500 - 38900 16
5,200 - 5600 3.6 38,900 - 43600 17
5,600 - 5900 38 43600 - 48400 19
5,900 - 6200 40 48400 - 61500 22
6,200 - 6700 4.2 61500 - 75600 25

6,700 - 7000 44 >75600 >25*

7,000 - 7400 4.6

*Report distarce as25 miles



Reference Table 3
Neutrally Buoyant Plume Distances to Toxic Endpoint for ReleaseRate Divided by Endpoint
10-minute Rdlease, Urban Conditions, F Sability, Wind Speed 15 Meters per Secod

April 15,1999

Release Rate/Endpoint Distanceto Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint

(miles) (miles)
0-21 0.1 76000 - 83000 4.8
21-170 0.2 83,000 - 90000 5.0
170 - 420 0.3 90,000 - 100000 52
420 - 760 04 100000 - 110000 54
760 - 1400 0.6 110000 - 120000 56
1,400 - 2100 0.8 120000 - 130000 58
2,100 - 3100 10 130000 - 140000 6.0
3,100 - 4200 12 140000 - 148000 6.2
4,200 - 6100 14 148000 - 183000 6.8
6,100 - 7800 16 183000 - 221000 75
7,800 - 9700 18 221000 - 264000 8.1
9,700 - 12000 20 264000 - 310000 8.7
12000 - 14000 2.2 310000 - 361000 9.3
14000 - 18000 24 361000 - 415000 9.9
18,000 - 22000 26 415000 - 535000 11
22000 - 25000 28 535000 - 671000 12
25000 - 29000 3.0 671000 - 822000 14
29000 - 33000 3.2 822000 - 990000 15
33,000 - 39000 34 990000 - 1170000 16
39,000 - 44000 3.6 1,170000 - 1370000 17
44000 - 49000 3.8 1,370000 - 1590000 19
49000 - 55000 40 1,590000 - 2190000 22
55000 - 63000 4.2 2,190000 - 2890000 25

63,000 - 69000 44 >2,890000 >25*

69,000 - 76000 4.6

*Report distarce as25 miles



Reference Table 4
Neutrally Buoyant Plume Distances to Toxic Endpoint for ReleaseRate Divided by Endpoint
60-Min ute Rdlease, Urban Conditions, F Sability, Wind Speed 15 Meters per Secmd

April 15,1999

Release Rate/Endpoint Distanceto Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint

(miles) (miles)
0-26 0.1 34000 - 36000 4.8
26 - 210 0.2 36,000 - 38000 5.0
210 - 530 0.3 38000 - 41000 52
530 - 940 04 41000 - 43000 54
940 - 1700 0.6 43000 - 45000 56
1,700 - 2600 0.8 45000 - 47000 58
2,600 - 3700 10 47000 - 50000 6.0
3,700 - 4800 12 50000 - 52200 6.2
4,800 - 6400 14 52200 - 60200 6.8
6,400 - 7700 16 60,200 - 68900 75
7,700 - 9100 18 68,900 - 78300 8.1
9,100 - 11000 20 78,300 - 88400 8.7
11000 - 12000 2.2 88400 - 99300 9.3
12000 - 14000 24 99,300 - 111000 9.9
14000 - 16000 2.6 111000 - 137000 11
16,000 - 17000 28 137000 - 165000 12
17,000 - 19000 3.0 165000 - 197000 14
19000 - 21000 3.2 197000 - 232000 15
21000 - 23000 34 232000 - 271000 16
23000 - 24000 3.6 271000 - 312000 17
24000 - 26000 3.8 312000 - 357000 19
26000 - 28000 40 357000 - 483000 22
28000 - 30000 4.2 483000 - 62900 25

30,000 - 32000 44 >629000 >25*

32000 - 34000 4.6

*Report distarce as25 miles



Reference Teble 5
DenseGas Distances to Toxic Endpoint
10-minute Release, Rural Conditions, F Stability, Wind Speed1.5 Meters per Secord

Toxic Endpoint (mg/L)
Rgstaese 0.0004 | 0.0007 | 0.001 | 0.002 | 0.0035 | 0.005 | 0.0075 | 0.01 | 0.02 | 0.035 | 0.05 | 0.075 | 01 | 0.25 | 0.5 | 0.75
(Ibs/min) Distance (Miles)

1 2.2 17 15 11 0.8 0.7 0.5 0.5 0.3 0.2 0.2 0.2 0.1 0.1 # #
2 30 24 21 15 11 09 0.7 0.7 04 03 0.3 0.2 0.2 0.1 <01 <01

5 4.8 37 3.0 22 1.7 15 1.2 1.0 0.7 0.5 0.4 0.3 0.3 0.2 0.1 0.1

10 6.8 50 42 30 24 21 17 14 10 0.7 0.6 0.5 04 0.2 0.2 0.1

30 11 8.7 6.8 52 39 34 28 24 17 13 11 09 0.7 04 0.3 0.2

50 14 11 93 6.8 50 4.2 35 30 22 17 14 11 09 0.6 04 0.3

100 19 15 12 8.7 6.8 58 4.8 42 29 22 19 16 1.3 08 0.5 04
150 24 18 15 11 8.1 6.8 57 50 36 27 23 19 16 0.9 0.6 0.5
250 >25 22 19 14 11 8.7 74 6.2 45 34 28 23 20 12 08 0.6
500 * >25 >25 19 14 12 9.9 8.7 6.2 4.7 38 31 2.7 16 11 09
750 * * * 23 17 15 12 11 74 55 45 37 32 19 1.3 10
1,000 * * * >25 20 17 14 12 8.1 6.2 52 4.2 36 22 14 11
1,500 * * * * 24 20 16 14 99 74 6.2 5.0 43 25 17 1.3
2,000 * * * * >25 23 19 16 11 8.7 6.8 5.6 48 29 19 15
2500 * * * * * >25 20 18 12 9.3 8.1 6.2 53 32 21 1.6
3,000 * * * * * * 23 20 14 9.9 8.7 6.8 56 34 22 17
4,000 * * * * * * >25 22 16 11 93 74 6.2 38 25 20
5,000 * * * * * * * 25 17 13 11 8.7 6.8 42 27 21
7500 * * * * * * * >25 20 15 12 9.9 8.7 4.9 32 25
10,000 * * * * * * * * 24 17 14 11 93 55 36 28
15000 * * * * * * * * >25 20 17 13 11 6.2 42 32
20,000 * * * * * * * * * 23 19 15 12 74 4.7 37
50,000 * * * * * * * * * >25 >25 21 18 10 6.6 5.0
75,000 * * * * * * * * * * * >25 21 12 7.6 5.8
100000 * * * * * * * * * * * * 24 13 8.5 6.4
150000 * * * * * * * * * * * * >25 15 9.8 74
200000 * * * * * * * * * * * * * 17 1 8.2

* > 25 miles (report distance as 25 niles) # <0.1 mile (report distance as 0.1 mile)



Reference Teble 6
DenseGas Distances to Toxic Endpoint
60-minute Release, Rural Conditions, F Stability, Wind Speed1.5 Meters per Secord

Toxic Endpoint (mg/L)
Rgstaese 0.0004 | 0.0007 | 0.001 | 0.002 | 0.0035 | 0.005 | 0.0075 | 0.01 | 0.02 | 0.035 | 0.05 | 0.075 | 01 | 0.25 | 0.5 | 0.75
(Ibs/min) Distance (Miles)

1 3.7 27 2.2 14 1.0 0.8 0.6 0.5 0.3 0.2 0.2 0.1 0.1 <0.1 # #
2 53 40 32 22 16 12 1.0 08 0.5 04 0.3 0.2 0.2 0.1 <01 <01

5 8.7 6.8 53 37 2.7 22 1.7 14 0.9 0.6 0.5 04 0.3 0.2 0.1 0.1

10 12 93 8.1 53 4.0 33 27 22 14 10 0.8 0.6 0.5 03 0.2 01

30 22 16 14 99 74 6.1 4.9 41 29 21 16 12 1.0 05 0.3 0.2

50 >25 21 18 12 9.3 8.1 6.2 54 38 27 22 17 14 0.7 04 03

100 * >25 >25 18 13 11 9.3 74 55 4.0 32 25 21 11 0.7 05
150 * * * 22 17 14 11 9.9 6.8 4.9 40 31 27 14 09 0.6
250 * * * >25 22 18 14 12 8.7 6.2 52 41 35 19 12 0.9
500 * * * * >25 25 20 17 12 9.3 74 58 50 29 18 13
750 * * * * * >25 25 22 15 11 9.3 74 6.1 35 22 17
1,000 * * * * * * >25 25 17 12 11 8.1 6.8 40 2.6 20
1,500 * * * * * * * >25 20 16 12 9.9 8.7 5.0 32 25
2,000 * * * * * * * * 24 17 14 11 99 5.7 37 29
2500 * * * * * * * * >25 20 16 13 11 6.2 42 32
3,000 * * * * * * * * * 21 17 14 12 6.8 45 35
4,000 * * * * * * * * * 24 20 16 14 8.1 52 40
5,000 * * * * * * * * * >25 22 17 15 8.7 5.7 44
7,500 * * * * * * * * * * >25 21 18 11 6.8 52
10,000 * * * * * * * * * * * 24 20 12 74 6.0
15,000 * * * * * * * * * * * >25 24 14 9.3 6.8
20,000 * * * * * * * * * * * * >25 16 9.9 8.1
50,000 * * * * * * * * * * * * * 22 14 1
75,000 * * * * * * * * * * * * * >25 17 13
100000 * * * * * * * * * * * * * * 18 14
150000 * * * * * * * * * * * * * * 21 16
200000 * * * * * * * * * * * * * * 23 18

* > 25 miles (report distance as 25 niles) # <0.1 mile (report distance as 0.1 mile)



Reference Teble 7
DenseGas Distances to Toxic Endpoint
10-minute Release, Urban Conditions, F Stability, Wind Speed1.5 Meters per Secord

Toxic Endpoint (mg/L)
Rgstaese 0.0004 | 0.0007 | 0.001 | 0.002 | 0.0035 | 0.005 | 0.0075 | 0.01 | 0.02 | 0.035 | 0.05 | 0.075 | 01 | 0.25 | 0.5 | 0.75
(Ibs/min) Distance (Miles)

1 1.6 12 11 0.7 0.6 04 0.4 0.3 0.2 0.2 0.1 0.1 0.1 # # #

2 2.2 17 14 11 0.8 0.6 0.5 04 0.3 0.2 0.2 0.1 0.1 <0.1 # #

5 35 27 22 16 12 10 0.8 0.7 0.5 04 0.3 0.2 0.2 0.1 <0.1 #
10 49 38 31 22 17 14 12 1.0 0.7 0.5 04 0.3 0.2 0.1 0.1 <01

30 8.1 6.2 53 37 29 24 20 17 12 0.9 0.7 0.6 04 0.2 01 0.1

50 11 8.1 6.8 48 37 31 25 21 15 11 0.9 0.7 0.6 03 0.2 01

100 15 11 93 6.8 52 4.2 35 30 21 16 13 1.0 09 0.5 03 0.2
150 19 14 12 8.1 6.1 52 4.3 36 25 19 1.6 12 11 0.6 04 0.2
250 24 18 15 11 8.1 6.8 54 4.6 33 24 20 1.6 14 0.7 05 0.3
500 >25 >25 21 15 11 93 74 6.2 45 34 28 22 19 11 0.7 05
750 * * >25 18 14 11 9.3 8.1 55 41 33 26 22 13 0.8 06
1,000 * * * 21 16 13 11 9.3 6.2 4.6 38 30 25 15 09 0.7
1,500 * * * >25 19 16 12 11 74 5.6 46 37 30 17 11 0.8
2,000 * * * * 22 18 15 12 8.7 6.2 52 41 35 20 13 0.9
2500 * * * * 24 20 16 14 99 6.8 58 4.7 38 22 14 11
3,000 * * * * >25 22 18 16 11 74 6.2 50 42 24 16 12
4,000 * * * * * 25 20 17 12 8.7 6.8 56 48 27 1.7 13
5,000 * * * * * >25 23 20 14 9.9 8.1 6.2 53 30 19 14
7500 * * * * * * >25 24 16 12 99 74 6.2 3.6 23 17
10,000 * * * * * * * >25 19 14 11 8.7 74 41 26 20
15000 * * * * * * * * 22 16 13 11 8.7 4.9 31 23
20000 * * * * * * * * >25 19 15 12 9.9 55 35 27
50,000 * * * * * * * * * >25 23 17 15 8.1 51 38
75,000 * * * * * * * * * * >25 21 17 9.6 6.0 45
100000 * * * * * * * * * * * 24 20 11 6.8 51
150000 * * * * * * * * * * * >25 23 13 8.1 6.1
200000 * * * * * * * * * * * * >25 14 8.9 6.7

* > 25 miles (report distance as 25 niles) # <0.1 mile (report distance as 0.1 mile)



Reference Teble 8
DenseGas Distances to Toxic Endpoint
60-minute Release, Urban Conditions, F Stabilit y, Wind Speed1.5 M eters per Secord

Toxic Endpoint (mg/L)
Rgstaese 0.0004 | 0.0007 | 0.001 | 0.002 | 0.0035 | 0.005 | 0.0075 | 0.01 | 0.02 | 0.035 | 0.05 | 0.075 | 01 | 0.25 | 0.5 | 0.75
(Ibs/min) Distance (Miles)

1 2.6 19 15 11 0.7 0.6 0.4 04 0.2 0.2 0.1 0.1 0.1 # # #

2 38 29 2.3 15 11 0.9 0.7 0.6 0.4 0.2 0.2 0.1 0.1 <0.1 # #

5 6.2 47 39 26 19 15 12 09 0.6 04 0.3 0.2 0.2 0.1 <0.1 #
10 9.3 6.8 56 39 29 23 18 15 09 0.7 05 0.4 03 0.2 0.1 <01

30 16 12 99 74 53 43 34 29 19 13 10 0.7 0.6 0.3 0.2 0.1

50 22 16 14 9.3 6.8 57 45 38 2.6 18 14 11 0.9 04 0.2 0.2

100 >25 24 20 14 9.9 8.1 6.8 57 38 27 22 17 14 0.7 04 03
150 * >25 24 17 12 11 8.1 6.8 48 35 28 22 18 0.9 05 0.3
250 * * >25 22 16 14 11 9.3 6.2 45 37 29 24 12 0.7 0.5
500 * * * >25 24 19 16 13 93 6.8 54 4.2 35 19 11 0.7
750 * * * * >25 24 19 16 11 8.1 6.8 52 43 24 14 1.0
1,000 * * * * * >25 22 19 13 9.3 74 6.0 50 28 16 12
1,500 * * * * * * >25 24 16 12 93 74 6.2 34 21 15
2,000 * * * * * * * >25 19 13 11 8.7 74 4.0 25 18
2500 * * * * * * * * 20 15 12 93 8.1 45 28 21
3,000 * * * * * * * * 22 16 13 11 8.7 4.9 30 22
4,000 * * * * * * * * >25 19 16 12 9.9 56 35 26
5,000 * * * * * * * * * 21 17 14 11 6.2 40 30
7,500 * * * * * * * * * >25 20 16 14 74 4.8 36
10,000 * * * * * * * * * * 24 19 16 8.7 55 4.2
15,000 * * * * * * * * * * >25 22 19 11 6.8 51
20,000 * * * * * * * * * * * >25 21 12 74 5.8
50,000 * * * * * * * * * * * * >25 18 11 8.7
75,000 * * * * * * * * * * * * * 21 13 10
100000 * * * * * * * * * * * * * 24 15 11
150000 * * * * * * * * * * * * * >25 18 14
200000 * * * * * * * * * * * * * * 20 15

* > 25 miles (report distance as 25 niles) # <0.1 mile (report distance as 0.1 mile)



Reference Table 9
Distancesto Toxic Endpoint for Anhydrous Ammonia Liquefied Under Pressure
F Sability, Wind Speed 15 Metersper Secad

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban
1 0.1 <0.1*
2 01 01
5 01 01
10 0.2 01
15 0.2 0.2
20 03 0.2
30 03 0.2
40 04 0.3
50 04 03
60 05 0.3
70 05 0.3
80 05 04
90 0.6 04
100 0.6 04
150 0.7 05
200 038 0.6
250 09 0.6
300 10 0.7
400 12 0.8
500 13 0.9
600 14 0.9
700 15 1.0
750 16 1.0
800 16 11
900 1.7 1.2

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban
1,000 18 1.2
1,500 22 15
2,000 26 1.7
2500 29 1.9
3,000 31 2.0
4,000 3.6 23
5,000 40 2.6
6,000 44 2.8
7,000 47 31
7,500 49 3.2
8,000 51 3.3
9,000 54 34
10,000 56 3.6
15000 6.9 4.4
20000 80 50
25000 89 56
30000 9.7 6.1
40000 11 7.0
50000 12 7.8
75000 15 95
100000 18 10
150000 22 13
200000 *x 15
250000 *x 17
750000 ** *x

*Report distarce as.1 mile

April 15,1999

** More than25 miles (report distarce as?25 miles)




Reference Table 10
Distancesto Toxic Endpoint for Non-liquefied Ammonia, Ammonia Liquefied by Refrigeration, or

Aqueous Ammonia
F Sability, Wind Speed 15 Metersper Secad

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban
1 01
<0.1*

2 01

5 01

10 0.2 01
15 0.2 01
20 03 01
30 03 01
40 04 01
50 04 01
60 04 0.2
70 05 0.2
80 05 0.2
90 05 0.2
100 0.6 0.2
150 0.7 0.2
200 038 0.3
250 038 0.3
300 09 0.3
400 11 04
500 12 04
600 13 04
700 14 0.5
750 14 0.5
800 15 0.5
900 15 0.6

*Report distarce as.1 mile

April 15,1999

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban
1,000 16 0.6
1,500 20 0.7
2,000 22 0.8
2500 25 0.9
3,000 2.7 1.0
4,000 31 11
5,000 34 12
6,000 3.7 13
7,000 40 14
7,500 41 15
8,000 4.2 15
9,000 45 1.6
10,000 4.7 17
15000 5.6 2.0
20000 6.5 24
25000 7.2 2.6
30000 7.8 2.8
40000 89 33
50000 938 3.6
75000 12 44
100000 14 5.0
150000 16 6.1
200000 19 7.0
250000 21 7.8
750000 ol 13

** More than25 miles (report distarce as25 miles)




Reference Table 11

Distancesto Toxic Endpoint for Chlorine

F Sability, Wind Speed 15 Metersper Secad

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban

1 0.2 01
2 0.3 01
5 05 02
10 0.7 0.3
15 08 04
20 10 04
30 12 0.5
40 14 0.6
50 15 0.6
60 1.7 0.7
70 18 0.8
80 19 0.8
90 20 0.9
100 22 0.9
150 26 1.2
200 3.0 13
250 34 15
300 3.7 1.6
400 42 1.9
500 47 2.1
600 52 2.3
700 5.6 2.5

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban
750 58 2.6
800 59 2.7
900 6.3 29
1,000 6.6 3.0
1,500 81 3.8
2,000 9.3 4.4
2500 10 49
3,000 11 54
4,000 13 6.2
5,000 14 7.0
6,000 16 7.6
7,000 17 8.3
7,500 18 8.6
8,000 18 8.9
9,000 19 94
10,000 20 99
15000 25 12
20000 * 14
25000 * 16
30000 * 18
40000 * 20
50000 * *

April 15,1999

* More than 25 miles (report distance as 25 niles)




Distancesto Toxic Endpoint for Anhydrous Sufur Dioxide

Reference Table 12

F Sability, Wind Speed 15 Metersper Secad

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban

1 0.2 01
2 0.2 01
5 04 02
10 0.6 0.2
15 0.7 0.3
20 0.9 04
30 11 0.5
40 13 0.5
50 14 0.6
60 16 0.7
70 18 0.7
80 19 0.8
90 20 0.8
100 21 0.9
150 2.7 1.1
200 31 13
250 3.6 14
300 39 1.6
400 46 1.9
500 52 21
600 58 2.3
700 6.3 2.5

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban
750 6.6 2.6
800 6.8 2.7
900 7.2 29
1,000 7.7 31
1,500 9.6 38
2,000 11 45
2500 13 50
3,000 14 5.6
4,000 17 6.5
5,000 19 73
6,000 21 81
7,000 23 8.8
7,500 24 91
8,000 25 95
9,000 * 10
10,000 * 11
15000 * 13
20000 * 16
25000 * 18
30000 * 19
40000 * 23
50000 * *
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Reference Table 13

Distance toOverpressure of 1.0 ps for Vapor Cloud Explosions of 500 -2,000000 Rounds of Regulated Hammable Sibstances

Based on TNT Equivalent M ethod, 10 Percert Yield Factor

uantity in Cloud (pounds) 500 2,000 5,000 10,000 20,000 50,000 100000 200000 500000 1,000000 | 2,000000
CAS No. Chemical Name Distance (Miles) to 1 psi Over pressure
75-07-0 | Acetldehyde 0.05 0.08 0.1 0.1 0.2 0.2 0.3 04 0.5 0.7 0.8
74862 | Aceylene 0.07 0.1 0.1 0.2 0.2 0.3 04 0.5 0.7 0.8 10
598732 [ Bromoatrifluoroethylene 0.02 0.04 0.05 0.06 0.08 0.1 0.1 0.2 0.2 0.3 04
10699-0 | 1,3-Butadene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
106978 | Butare 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
25167673 | Butene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
59018-1 [ 2-Butenecis 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
624646 | 2-Butenetrars 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
106989 | 1-Butene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
10701-7 | 2-Butene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
46358-1 | Carbon oxysifide 0.04 0.06 0.08 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6
779121-1 | Chlorine monoxide 0.02 0.03 0.04 0.05 0.06 0.08 0.1 0.1 0.2 0.2 0.3
590216 [ 1-Chloropropylene 0.05 0.08 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8
557982 [ 2-Chloropropylene 0.05 0.08 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8
460195 | Cyanogen 0.05 0.08 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8
75-194 | Cyclopropane 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
4109960 | Dichlorosilane 0.04 0.06 0.08 0.1 0.1 0.2 0.2 0.3 04 05 0.6
75-37-6 | Difluoroethane 0.04 0.06 0.09 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6
124403 | Dimethylamine 0.06 0.09 0.1 0.2 0.2 0.3 0.3 04 0.6 0.7 0.9
46382-1 | 2,2-Dimethylpropane 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
74840 | Ethare 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
107006 | Ethyl actylene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
7504-7 | Ethylamine 0.06 0.09 0.1 0.2 0.2 0.3 0.3 04 0.6 0.7 0.9
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Reference Table 13 (continued)

uantity in Cloud (pounds) 500 2,000 5,000 10,000 20,000 50,000 100000 200000 500000 1,000000 | 2,000000
CAS No. Chemical Name Distance (Miles) to 1 psi Over pressure
75003 | Ethyl chloride 0.05 0.08 0.1 0.1 0.2 0.2 0.3 04 05 0.6 0.8
7485-1 | Ethylene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.7 0.8 10
60-29-7 | Ethyl ether 0.06 0.09 0.1 0.2 0.2 0.3 0.3 04 0.6 0.7 0.9
7508-1 | Ethyl mercaptan 0.05 0.09 0.1 0.2 0.2 0.2 0.3 04 05 0.7 09
109955 | Ethyl nitrite 0.05 0.07 0.1 0.1 0.2 0.2 0.3 0.3 05 0.6 0.7
1333740 | Hydrogen 0.09 0.1 02 0.2 0.3 04 05 0.6 0.9 1.1 14
75285 | lsobutane 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 06 0.8 10
78-784 | Isopentare 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
78-795 | Isoprene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
75-31-0 | Isopropylamine 0.06 0.09 0.1 0.2 0.2 0.3 0.3 04 0.6 0.7 0.9
75-29-6 | |sopropyl chloride 0.05 0.08 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8
74828 | Methane 0.07 0.1 0.1 0.2 0.2 0.3 04 0.5 0.7 0.8 10
74895 | Methylamine 0.06 0.09 0.1 0.2 0.2 0.3 0.3 04 0.6 0.7 09
56345-1 [ 3-Methyl-1-butene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
563462 | 2-Methyl-1-butene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
115106 | Methyl ether 0.05 0.09 0.1 0.1 0.2 0.3 0.3 04 05 0.7 0.9
107313 | Methyl formate 0.04 0.07 0.1 0.1 0.2 0.2 0.3 0.3 04 0.6 0.7
1154117 | 2-Methylpropene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
504609 [ 1,3-Pentadiene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
109660 | Pentane 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
109671 [ 1-Pentene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
646048 [ 2-Pentene (E)- 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
627203 [ 2-Pentene (2)- 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
463490 | Propadiene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
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Reference Table 13 (continued)

uantity in Cloud (pounds) 500 2,000 5,000 10,000 20,000 50,000 100000 200000 500000 1,000000 | 2,000000

CAS No. Chemical Name Distance (Miles) to 1 psi Over pressure
74986 | Propane 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 06 0.8 10
115071 | Propylene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 1.0
74-99-7 | Propyne 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 1.0
7803625 | Silane 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
116414-3 | Tetrafluoroethylene 0.02 0.03 0.04 0.05 0.07 0.09 0.1 0.1 0.2 0.2 0.3
75-76-3 | Tetramethylsilane 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 06 0.8 10
10025782 | Trichlorosilane 0.03 0.04 0.06 0.08 0.1 0.1 0.2 0.2 03 04 04
79-38-9 | Trifluorochloroethylene 0.02 0.03 0.05 0.06 0.07 0.1 0.1 0.2 0.2 0.3 0.3
75503 | Trimethylanine 0.06 0.1 0.1 0.2 0.2 0.3 04 04 0.6 0.8 10
689974 | Vinyl actylene 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0.8 10
75014 | Vinyl chloride 0.05 0.08 0.1 0.1 0.2 0.2 0.3 04 05 0.6 0.8
109922 | Vinyl ethyl ether 0.06 0.09 0.1 0.2 0.2 0.3 0.3 04 0.6 0.7 0.9
75025 | Vinyl fluoride 0.02 0.04 0.05 0.06 0.08 0.1 0.1 0.2 0.2 0.3 04
75354 | Vinylidene chloride 0.04 0.06 0.08 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6
75387 | Vinylidenefluoride 0.04 0.06 0.09 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6
107255 | Vinyl methyl ether 0.06 0.09 0.1 0.2 0.2 0.3 0.3 04 0.6 0.7 0.9
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6 DETERMINING ALTERNATIVE RELEAS E SCENARIO S

In Chapter 6
. Considerations for altemative releae serarios for regulatedsubstarcesin
Program 2 or Program 3 processes.
. Potertial altemative scerarios for releaesof flammable sibstarces

You ae required to analyze at least onedternative release scenario for each listed toxic substance
you havein aProgram 2 or Program 3 process aboveits threshold quantity. You dso are required to analyze
one dternative rel ease s@nario for flammable sibstaices in Program 2 a 3 processe & adass (.e, you
analyze onescenario involving aflammable substance as a representative s@nario for dl the regulated
flammable substances you have on site in Program 2 a Program 3 processes). You do notneed to analyze an
aternative senario for each flammable substance. For example, if you have five listed substances — chloring,
ammonia, hydrogen chloride, propane, and acetylene — above the threshold in Rogram 2 or 3 processes, you
will need to analyze onedternative scenario each for chloring, anmonia, and hydrogen chloride and asingle
alternative senario to cover propane and acetylene (listed flammable substances). Even if you have a
substance above the threshold in sveral processes or locations, you ned only analyze onedternative
scenario for it.

According o the rule (40 CFR .28), alternative scenarios should ke more likely to oacur than the
worst-case scenario and should ieach an endpoint offsite, unless no such scenario exists. Release s@narios
conddered should indude but are not limited to, the following:

. Transfer hose releases dueto splits or sudden ho® un@uging;

. Process piping releases from failures a flanges, joints, welds, vaves and vdve sedls, and
drains or bleeds;

. Process vessd or pump releases dueto cracks, seal failure, or drain, bleed, or plug failure;

. Vessd overfilling and sill, or overpressurization and venting through elief vaves or

rupture disks; ard
. Shipping container mishandling or punduring leading to a spill.

Alternative release senarios for toxic substances should ke those that lead to concentrations above
the toxic endpoint beyond your fencdine. Scenarios for flammable substances should hae the potential to
cause stbstantial damage, including onsite danage Tho<s releases that have the potential to reach the
public are of the greatest concern. You should @ndder unusid situations, such as start-up and shut-down, in
selecting an gppropriate aternative scenario.

For dternative release scenarios, you ae dlowed to condder active mitigation systems, such as
interlocks, shutdown systems, pressure relieving devices, flares, emepgency isolation systems, and fire water
and dduge systems, as well as passive mitigation systems, as described in Sections 3.1.2 and 32.3.

For dternative release scenarios for regulated substances used in anmoniarefrigeration, chemical
distribution, propane distribution, warehouses, or POTWSs, conault EPA's risk managemert program guidance
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doauments for these indugry sectors.

You have anumber of options for sdlecting release scenarios for toxic or flammable substances.

You may use your worst-case release scenario and goply your active mitigation system to
limit the quantity released and the duration of the release.

You may use information from your process hazara aralysis, if you have conduded one to
selecta scerario.

You may review your accident history and choos an actual event as the basis of your
scerario.

If you have not conduded aprocess hazard aralysis, you may review your operations and
identify possible events and failures.

Whichever approach you sect, the key information you ned to define is the quantity to be released
and the time ove which it will b e released; togeher, these alow you  estimate the release rate and u®
essentially the same methodsyou usd for the worst-case analysis.

For flammable substances , the choice of dternative release scenarios is somewha more complicated
than for toxic substances, because the consequences of arelease and the endpoint of concern may vary. For
the flammable worst case, the consequence of conaern is avapor doud explosion, with an overpressure
endpoint. For alternative scenarios (e.g., fires), othe endpoints (e.g., het radiation) may ned to be

condgdered.

Possible scenarios involving flammable substances include

April 15,1999

Vapor doud fires (flash fires) may result from dispersion of adoud of flammable vapor and
ignition of the doud following digpersion. Such afire could flash back and @uld represent a
severe heat radiation hazardto anyone in the area d the cloud. This guidance provides
methodsto estimate distances to a conentration equd to the lower flammability limit (LFL)
for this type of fire. (See Sections9.1, 9.2, and 10.1.)

A pool fire, with potential radiant heat effects, may result from a spill of aflammable liquid.
This guidance provides a smple method for estimating the distance from a pool fireto a
radiant heat leve that could cause second deree burns from a 40-second eposure. (See
Section 10.2).

A boiling liquid, expanding vaor explosion (BLEVE), leading 0 afireball that may
produce intense heat, may occur if avessd containing flammable material ruptures
explosively as aresult of exposure to fire. Heat radiation from the fireball is the primary
hazard vessd fragments ard overpressure from the explosion dso can result. BLEVES are
gengally conddered unlikdy events; rowever, if you think aBLEVE is possible a your site,
this guidance provides a method D estimate the distance a which radiant heat effects might
lead to second dgree burns. (See Section 10.3.) You dso may want to condder modds or
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calculation methodsto estimate effects of vessd fragmentation. (See Appendix A for
references that may provide ussful information for estimating such effects.)

For avapor doud eplosion to occur, rapid release of alarge quantity, turbulent conditions
(caused by aturbulent release or congested conditionsin the area of the release, or both), and
othe factors are genegrally necessary. Vapor doud explosions generally are conddered
unlikely events; rowever, if conditions at your site are condudve to vapor doud explosions,
you may want to condder avapor doud explosion as an dternative scenario. This guidance
provides methodsyou nay use to estimate the distance to 1 psi overpressure for a vapor
cloud deonaion, based on less consrvative assumptions than the worst-case analysis. (See
Section 10.4.) A vapor doud ddlagration, involving lower flame speeds than a dgonaion
and resulting in less damaging Hast effects, is more likely than adeionaion. This guidance
does not provide methodsfor estimating the effects of a ddlagration, but you may use other
methodsof analysis if you want to condder such events. (See Appendix A for references
that may provide useful information.)

A jet fire may result from the pundure or rupture of atank or pipeline containing a
compressed or liquefied gas unde pressure. The gas discharging from the holecan form a
jet that "blows" into the air in the direction of the hole the jet then may ignite. Jet fires
could ontribute to BLEVES and fireballs if they impinge on tanks of flammable substances.
A large horizontal jet fire may have the potential to pose anoffsite hazard This guidance
does notindude a method for estimating consequence distances for jet fires. If you want to
condder ajet fire as an dternative scenario, you ould ®nsder other modds or methods
for the conseguence analysis. (See Appendix A for references that may provide useful
information.)

If you carry out analternative scenario aralysis for a flammable mixture (i.e., a mxture that mees
the criteria for NFPA 4), you nexd to condder dl flammable components of the mixture, notjust the regulaed
flammable substance or substances in the mixture (see Section 5.2 on flammable mixtures). If the mixture
contains both flammable and nonflammable components, the analysis should ke carried out considering only
the flammable canponents.

Chapter 7 provides ddailed information on @lculating release rates for dternative release scenarios
for toxic substances. If you can estimate release rates for the toxic gases and liquids you have on ste based
on readily available information, you may skip Chapter 7 and go b Chapter 8. Chapter 8 describes howto
estimate distances to the toxic endpoint for aternative scenarios for toxic substaices. Chapters 9 provides
information on @lculation release rates for flammable substances. Chapter 10 desaibes how to estimate
distances to flammable endpoints.

April 15,1999



Chaper 6
Determining Altemative Releas Senaios

This page intentionally left blank.

April 15,1999 6-4



7 ESTIM ATIO N OF RELEASE RATES FOR ALTERNATIVE
SCENARIOS FOR TOXI C SUBSTANCES

For the dternative scenario analysis, you may use typical meteorological conditions and typical
ambient temperature and hunidity for your site. This guidance assumes D amospheric stabilit y and wind
speed of 3.0 meters per second 6.7 miles per houn as conditions likely to be applicable to many sites.

71 Release Rats for Toxic Gases

In Section 7.1
. 7.1.1 Methodsfor unmitigated releases of toxic gases, including:

-- Rdease of toxic gas from a holein atank or pipe (for choked flow
conditions or maximum flow rate),

-- Rdease of toxic gas from a pipe, based on theflow rate through the
pipe, or based on aholein thepipe (using thesame method & for a
holein atank),

-- Puff releases (no nethod isprovided; users are directed to us othe
methods,

-- Gases liguefied unde pressure, including gaeousreleases from holes
above the liguid level in the tank andleasesfrom holesin the licuid
space, ad

-- Consderation of duration of releases of toxic gas.

. 7.1.2 Methodsfor adjuging the emated eleas rate to accountdr active or
passive mitigation, including:

-- Active mitigation to leduce the eea duation .g., autoratic
shutof vaves),

-- Active mitigation to educe the @lea® rate to air and

-- Passive mitigation (using thesame method & for worst-case
Scerarios).

7.1.1 Unmitigated Rekasesof Toxic Gass
Gaseus Releases

Gaseous Rdease from Tank. Instead of assuming release of the entire contents of a vessd containing
atoxic gas, you may decide to consder amore likely scenario as developed by the process hazard aralysis,
such as release from aholein avessd or pipe. To estimate a holesize you mnight assume, for example, the
hole size that would result from shearing off avalve or pipe from avessd containing aregulated substaice.

If you have agas leak from atank, you nmay use the following smplif ied egquaion to estimate a release rate
based on holesize, tank pressure, and the properties of the ges. This equation goplies to choked flow, or
maximum gas flow rate. Choked flow genegally would ke expected for gases unde pressure. (See Appendix
D, Section D.6for the deivation of this equaion.)

April 15,1999



Chager7

Edimation of Releas Ratedor Alternative Seraros for Toxic Substarces

where: QR

GF

_ 1
QR = HA x P, x — x GF (7-1)

/T

Release rate (poundsper minute)

Hole or pundure area (square inches) (from hazardevaluation or best
estimate)

Tank pressure (poundsper square inch absolute (psia)) (from process
information; for liquefied gases, equilibrium vapor pressure a 25 °C is
included in Exhibit B-1, Appendix B)

Tank temperature (K), where K is absolute temperature in kdvins; 25 °C
(77°F) is298 K

Gas Factor, incorporating discharge coefficient, ratio of specific heats,
molecular weight, and mnvesion factors (listed for each regulated toxic ges
in Exhibit B-1, Appendix B)

You can estimate the holearea from the size and shape of the hole For acircular hole you would
use the formula for the area d a drcle (area =7r?, where 1t is 3.14 and ris the radius of the dircle; the radius

is hdf the diameter).

This equation will give an estimate of the initial release rate. It will overestimate the oveall release
rate, because it does nottake into accountthe decrease in the release rate as the pressure in the tank decreases.
You may use acomputer modd or anothe calculation method if you want a more redlistic estimate of the
release rate. As discussed below, you nmay use this equation for releases of gases liquefied unde pressure if
the release would be primarily gas (e.g., if the holeis in the head space of the tank, well abovethe liquid

leve).

Example 19. Release of Toxic Gas from Tank (Diborane)

You have atank tha contans diborane ges a a pressure of 30 psia. The temperature of thetank and its
contents is 298 K(25°C). A valve a the sde of the tark shears off, leaving a circular hole 2%% inchesin
diameterin the tark wall. Y ou edimate tie aea fom the formula for area d a circle (nr?, where ris the
radius). The radius of the fole is1 1/4 inches o the aea isnt x (1 1/4)% or 5 square inches From Exhibit
B-1, the Gas Facta for diboraneis 17. Therefore, tre releas rate, fom Equation 7-1, is:

QR =5 x30 x1/(298): x 17 =148 pundsper minute

Gaseous Rdeas from Pipe. If shearing of a pipe may be an dternative scenario for atoxic gas at

your site, you ould ue the usud flow rate through he pipe as the release rate and @rry out the estimation of
distance as discussed in Chapter 8.
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If you want to condder areease of toxic gas through aholein apipe as an aternative scenario, you
may use the method described abovefor a gas rlease from aholein atank. This method nelects the effects
of friction dong the pipe and, therefore, provides a conservative estimate of the release rate.

PuUf Releasss. If agaseousreease from aholein atank or pipeis likely to be stopped vey quickly
(e.g., by ablock valve), resulting in apuff of toxic gas that forms avapor doud rather than a plume, you may
want to condder othe methodsfor deermining aconsequence distance. A doud of toxic gas resulting from a
puff release will not exhibit the same behavior as a plume resulting from alonge release (e.g., ardlease over
10 minutes).

Liquefied Gases
Gases Liqudied Unde Pressure. Gases liqudied unde pressure may be released as gases, liquids,

or acombination (two-phase), degpending on anunber of factors, induding liquid level and the location of the
holerdative to the liquid level. The resulting impact distances can vay greatly.

For releases from holes abovethe liquid level in atank of gas liquefied unde pressure, the release
could ke primarily gas, or the rlease may involve rapid vaporization of afraction of the liqudiied ges and
possibly aerosolization (two-phese release). It is complex to deermine which type of release (i.e, gas, two-
phase) will occur and the likely mix of gases and liquidsin atwo-phase release. The methodspresented in
this guidance do notd€initively address this situation. As arule of thumb, if the head space is large and the
distance between the holeand the liquid levd is relatively large given the heght of the tank or vessd, you
could assume the release is gaseousand, therefore, use Equation 7-1 above (Exhibit B-1, Appendix B,
includes the equilib rium vapor pressure in psia for listed toxic gases liquefied unde pressure at 25 °C; this
pressure can be used in Equation 7-1.) However, us of this equation will not be conservative if the head
space is small and the release from the holeis two-phased. In situations where you ae unsure of whether the
release would be gaseousor two-phase, you may want to condder othe modds or methodsto carry out a
consgueance anaysis.

For aholein the liquid space of atank, you may use Equation 7-2 below to estimate the release rate.
Exhibit B-1 in Appendix B gives the equilibrium vapor pressure in psiafor listed toxic gasesa 25 °C; this
is the pressure required to liquefy the gas at this temperature. You @n estimate the gaugepressure in the
tank from the equilibrium vapor pressure by subtracting the pressure of the ambient atmosphere (14.7 psi).
Exhibit B-1 aso gives the Densty Factor (DF) for each toxic gas at its boiling point. This factor can be used
to estimate the densty of the liquefied gas (thedensty a 25 °C would notbe significantly different from the
densty at the boiling point for most of the listed gases). The equation to estimate the release rate is (see
Appendix D, Section D.7.1, for more information):

X LH - 22 x P (7-2)
DF

QR = HA x 6.82J
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where: QR = Release rate (poundsper minute)

HA = Hole or pundure area (square inches) (from hazardevaluation or best
estimate)

DF = Density Factor (listed for each regulated toxic gas in Exhibit B-1, Appendix
B; 1/(DF x 0.033)is density in poundsper cubic foof)

LH = Height of liquid column aove hole (inches) (from hazardevaluation or best
estimate)

Py = Gaugepressure of the tank pressure (poundsper square inch gauge(psig),

from vapor pressure of gas (listed in Exhibit B-1, Appendix B) minus
atmospleric pressue (14.7 ps)

This equation gives the rate of release of liquid through te hole For agas liquefied unde pressure, assume
that the released liquid will i mmediately flash into vapor (or a vapor/agosol mixture) ard the rdease rate to
air is the same as the liquid release rate. This equdion gives an estimate of the initial release rate. It will
ovaestimate the ovaal reease rate, because it does not take into accountthe decrease in the release rate as
the pressure in the tank and the haght of the liquid in the tank decrease. You may use a computer modd or
anothe calculation method if you want a more redlistic estimate of the release rate.

For ardease from a broken pipe of agas liquefied unde pressure, see equaions 7-4 to 7-6 below for
liquid releases from pipes. Assume the released liquid flashes into vgpor upon rElease and u< the calculated
rdease rate asthe rdeae rate to air.

Gases Liqudied by Refrigeration. Gases liquefied by refrigeration done may be treated as liquids
You may use the methodsdescribed in Section 7.2 for estimation of release rates.

Duration of Release

The duration of the release is used in choosng the appropriate generic reference table of distances, as
discussed in Chapter 8. (You do notneed to condder the duration of the release to use the chemical-specific
reference tables.) You nmay calculate the maximum duration by dividing the quantity in the tank or the
guantity that may be released from pipes by your calculated rdleaserate. You nay use 60 minutes as a
default value for maximum release duration. If you know and @an substaitiate, how long itis likely to take
to stop the release, you may use that time as the release duration.

7.1.2 Mitigated Rekasesof Toxic Gases

For geses, passive mitigation may indude enclosed spaces, as discussed in Stion 3.1.2. Active
mitigation for gases, which may be conddered in analyzing dternative release scenarios, may indudean
assortment of techniques induding aitomatic shutoff valves, rapid transfer systems (emegency deinventory),
and weter/chemical sprays. These mitigation techniques have the effect of redudng dther the release rate or
the duration of the release, or both.
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Active Mitigation

Active Mitigation to Reduce Release Duration. An example of amitigation techniqueto reduce the
release duration is automatic shutoff valves. If you have an estimate of the rate at which the ges will be
released and the time it will t ake to shut off the release, you nay estimate the quantity potentially released
(rleaserate times time). You nust be able to substaitiate the time it will t ake to shut off the release. If the
release will t ake place ove aperiod of 10 minutes or more, you may use the release rate to estimate the
distance to the toxic endpoint, as discussed in Chapter 8. For releases stopped in less than 10 minutes,
multiply the initial release rate by the duration of release to estimate the quantity released, then divide the nev
guantity by 10 minutes to estimate a mitigated release rate that you nmay apply to the reference tables
described in Chapter 8 to estimate the consequence distance. If the release would be stopped vay quickly,
you mght want to condder othe methodsthat will estimate consequence distances for a puff release.

Active Mitigation to Directly Reduee Release Rate to Air. Examples of mitigation techniques to
directly reduce the release rate indude scrubbers and flares. Usetest data, manufacturer design
specifications, or past experience to daermine the fractiond redudion of the release rate by the mitigation
technique Apply this fraction to the release rate that would hare oacurred without the mitigation technigque
Theinitial release rate, without mitigation, may be the release rate for the dternative scenario (e.q., arelease
rate estimated from the equations presented earlier in this section) or the worst-case release rate. The
mitigated release rate is:

QR; = (1 - FR) x QR (7-3)
where: QR, = Reduced release rate (poundsper minute)
FR = Fradiond redudion resulting from mitigation
QR = Release rate without mitigation (poundsper minute)

Example 20. Water Spray Mitigation (Hydrogen Fluoride)

A bleeder valve on a hydrogen fluoride (HF) tank opens, releasing 660 pundsper minuteof HF. Waer sprays
are aplied almost immediately, Experimental field ard laboratory ted data indicate ttat H- vapors could be
reducedby 90 percert. The reducedrelea rate is

QR =(1-09) x (660 pundsper minute
= 66 poundsper minute

In egimating the caosequence dstarce for this relea® <erario, you would needto consider the releas both
before and dter gpplication of thewater spray and deéermine which gives the greatest distance to theendpoint.
You need to &ale to sibstantiate the tira needed todgin the wateispray mitigation.
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Passiwe Mitigation

The same simplified method ugd for worst-case releases may be used for dternative release
scenarios to estimate the rd ease rate to the outside air from a rdease in anenclosed space. Fa alternative
scenarios, you may use a modified release quantity, if appropriate. You nay aso adjust the mitigation factor
to accountfor the effects of ventilation, if gopropriate for the aternative scenario you have chosen. Usethe
equations presented in Sction 3.1.2 to estimate the release rate to the outside air.

Duration of Release
You should estimate the duration of the release either from your knowledgeof the length of time it
may take to st the release (be prepared to substantiate your time estimate) or by dividing the quantity that

may be released by your estimated release rate. (You do notneed to consder the release duration to use the
chemicd-specffic reference tblesof distances)

7.2 Release Rags for Toxic Liquids

In Section 7.2

. 7.2.1 Methodsfor estimating theliquid release rate and quantity released for
toxic liquidsreleased without nitigation, induding:

-- Rdease of toxic liquid from aholein atank unde atmospheric
pressure (induding toxicgases liquefied by refrigeration done),

-- Releag d toxic liquid from a hole inthe liquid space ¢ a pressurized
tank (the user is referred to equaions provided in thesection on toxic
gases or in thetechnical gppendix), and

-- Rdease of toxic liquid from a broken pipe.

. 7.2.2 Methodsfor estimating theliquid release rate and quantity released for
toxic liquidsreleased with nitigation measiresthat ieduce the duwation ofthe
liquid release orthe quantity of liquid releasd €.g., autonatic shutof valvey,

. 7.2.3 Methodsfor estimating theevaporation rate of toxic liquids from pools,
accounting br:

-- Ambiert tenperatue,

-- Elevatedtenperatue,

-- Diked areas

-- Releassinto huildings,

-- Active mitigation to reduce the evagration rate ofthe liquid,
-- Tenperatuesbetween25 °C ard 50 °C, ard

-- Duration of the relea.

. 7.2.4 Methodsfor estimating theevaporation rate for common weer solutions
of regulaed toxic substances and for oleum.
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This section describes methodsfor estimating liquid release rates from tanks and ppes. The released
liquid is assumed to form a pool, and the evaporation rate from the pool is estimated as for the worst-case
scenario. For the dternative scenario, you may assume the average wind soeed in your area in the calculation
of evaporation rate, instead of the worst-case wind speed of 1.5 meters per second (3.4 miles per houn. For
the reference tables in this guidance, the wind gpeed for aternative scenarios is assumed to be 3.0 meters per
second 6.7 miles per hou).

If you have sufficient information to estimate the quantity of liquid that might be released to an
undiked area unde an dternative scenario, you nmay go directly to Section 7.2.3 to estimate the evaporation
rate from the pool and the release duration. After you have estimated the evaporation rate and release
duration, go b Chapter 8 for instrudtions on estimating digance to the toxic endpoint.

7.2.1 Liquid Release Rate and Quantity Released for Unmitigated Rekases
Release from Tank

Tank unde Atmospheric Pressure. If you hare aliquid gored in atank & atmospheric pressure
(including gases liquefied by refrigeration done), you may use the following smple equation to estimate the
liquid release rate from a holein the tank below the liquid level. (See Appendix D, Section D.7.1, for the
derivation of this equation.)

QR = HA x J/LH x LLF (7-4)
where: QR = Liguid release rate (poundsper minute)
HA = Hole or pundure area (square inches) (from hazardevaluation or best
estimate)
LH = Height of liquid column aove hole (inches) (from hazardevaluation or best
estimate)
LLF = Liquid Leak Factor incorporating discharge coefficient and liquid density

(listed for each toxic liquid in Exhibit B-2, Appendix B).

Rememier that this equation only applies to liquidsin tanks unde atmospheric pressure. This
equation will give an ovaestimate of the release rate, because it does nottake into accountthe decrease in the
release rate as the haght of the liquid abovethe holedecreases. You nay use a computer modd or another
calculation method if you want a more realistic estimate of the liquid release rate.

You may estimate the quantity that might be released by multiplying the liquid release rate from the
above equation by the time (in minutes) that likely would be needed to stop the rdlease. You should ke able
to sibstantiate the time needed to st the rdease. Alternatively, you may assume the release would gop
when the leve of liquid in the tank drops to the level of the hole You may estimate the quantity of liquid
abovethat leve in the tank from the dimensions of the tank, the liquid level at the start of the leak, and the
level of the hole Assume the estimated quantity is released into apool and u® the method and equaionsin
Section 7.2.3 below to daermine the evaporation rate of the liquid from the pool and the duration of the
release. Asdiscussed in Section 7.2.3, if you find that your estimated evaporation rate is greater than
estimated liquid release rate, you should u® the liquid release rate as the release rate to air.
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Example 21. Liquid Reease from Atmospheic Tank (Allyl Alcohol)

You have atank that contains 20000 poundsof dlyl alcohol & ambient temperature and pressure. A vave on
the sde of the tark shears, leaving a tole inthe tark wall 5 sguare inchesin area. The liquid cdumn is 23
inches above theholein thetank. From Exhibit B-2, the Liquid Leak Factor for dlyl alcohol is41. Therefore,
from Equation 74, the liquid releas rate is

QR =5 x(23)* x 41 =983 pundsper minute

It takes 10 minutes to stop the release, so 10 minutes x 983 pundsper minute= 9,830 poundsof dlyl alcohol
releaed

Pressurized Tank. If you have aliquid gored in atank unde pressure, you may estimate arelease
rate for liquid from aholein the liquid space of the tank usng the equation presented ebovefor gases
liquefied unde pressure (Equation 7-2 in Section 7.1.1) or the equaionsin Appendix D, Section D.7.1.

Releasefrom Pipe

If you have aliquid flowing through apipe a approximately aimospheric pressure, and the pipeline
remains at about the same hdght between the pipe inlet and the pipe break, you @n estimate the quantity of
liquid rleased from the flow rate in the pipe and the time it would take to stop the release by multiplying the
flow rate by thetime. For liquids at atmospheric pressure, assume the liquid is spilled into apool and us the
methodsin Section 7.2.3 below to estimate the release rate to air.

For the release of aliquid unde pressure from along gpeline, you may use the equations below (see
Appendix D, Sction D.7.2 for more information on hiese equations). These equations apply both to
substances that are liquid & ambient conditions and to gases ligudied unde pressure. This method dos not
condder the effects of friction in the pipe. First estimate the initial operationd flow veocity of the substance
through the pipe usng the initial operationd flow rate as follows:

FR x DF x 0.033

V, = A (7-5)
p
where: V, = Initial operationd flow vedocity (feet per minute)
FR = Initial operationd flow rate (poundsper minute)
DF = Density Fador (from Exhibit B-2, Appendix B)
A, = Cross-sectiond area of pipe (square fet)

You can estimate the cross-sectiond area of the pipe from the diameter or radius (half the diameter
of the pipe) usng the formula for the area of adircle (area =mr?, wherer is the radius).

The release veocity is then calculated based on teinitial operationd flow, any gravitationd
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accekration or decekration fects resulting from changes in the haght of the pipeline, and the pressure
difference between the pressure in the pipe and amospheric pressure, usng aform of the Bernoulli equation:

V, =197 x |/[284 x (P - 147) x DF] + [5.97 x (Z, - Z)] + [258x10° x V.| (7.6

where: V, = Release veocity (feet per minute)
P; = Total pressure on liquid in pipe (psia)
DF = Density factor, see Exhibit B-1 or Exhibit B-2
Z, = Height of pipdine at inlet (fegt)
Z, = Height of pipdine at break (feet)
V, = Operationd velocity (feet per minute), calculated from Equaion 7-5

Please note that if the heght of the pipe at the release point is highe than the initial pipe heght, then Z,-Z, is
negaive, and the haght term will cause the estimated release velocity to decrease.

The release veocity can then be used to calculate arelease rate as follows:

OR - V, x Ap .
R~ BF <0033 (=7
where: QR = Release rate (poundsper minute)

V, = Release veocity (feet per minute)

DF = Density Factor

A, = Cross-sectiond area of pipe (square fest)

You may estimate the quantity released into apool from the broken pipe by multiplying the liquid
release rate (QR,) from the equaion above by the time (in minutes) that likely would be needed to stop the
release (or to empty the pipdine). Assume the estimated quantity is released into apool and us the method
and equations described in Section 7.2.3 below to daermine the evaporation rate of the liquid from the pool.
You rmust be able to substantiate the time needed to st the release.

As noted abovein Section 7.1.1, for arelease from a pipe of gas liquefied unde pressure, assume
that the released liquid isimmediately vaporized, and us the calculated liquid release rate as the release rate
toair. If the rdlease duration would be very short (e.g., because of active mitigation measures), daermine the
total quantity of the release as the release rate times the duration, then estimate a new release rate as the
quantity divided by 10. This will give you arelease rate that you @n use with the 10-minute reference tables
of distances in this guidance to estimate a distance to the endpoint.

In the case of very long [pes, release rates from a shear or holewill b e lower than the estimates from

this method kecause of pipe roughneas and frictiond head loss. If friction effects are deemedconsiderable, an
established method for calculating frictiond head loss such as the Darcy formula may be used.
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7.2.2 Liquid Release Rate and Quantity Released for Mitigated Rekases

For alternative rdease scenarios, you arepermitted to take credit for both passive ard adive
mitigation systems, or a combination if both arein place. Active mitigation technigues that reduce the rate of
liquid release or the quantity released into the pool are discussed in this section. Active and paessive
mitigation to reduce the evaporation rate of liquid from a pool are discussed in the next section.

Active Mitigation to Reduce Quantity Releasel

Examples of mitigation techniques to reduce the quantity released into the pool indude automatic
shutoff valves and emepgency deinventory. You nay use the equationsin Section 7.2.1 abovefor calculating
liquid rleaserate, if applicable. Egtimate the approximate time needed to stop the release by the mitigation
technique (you nust be able to justify your estimate). Multiply the release rate times the duration of release
to estimate quantity released. Assume the estimated quantity is released into apool and us the method and
equations described in Section 7.2.3 below to deermine the evaporation rate of the liquid from the pool. You
should dso condder mitigation (active or passive) of evaporation from the pool, if applicable, as discussed in
Section 7.2.3 below.

Example 22. Mitigated Liquid Reease

A bromine injection gstemsuffers a hog failure; the geatlylowered system pressure triggers an autorstic
shutoff vave within 30 secondsof therelease. The flow rate out oftheruptured hoe is approximately 330
poundsper minute. Becaus the eleas occured for only 30 secondg0.5 minuteg, the total gantity spilled
was 330 x05, or 165 punds

7.2.3 Evaporation Rate from Liquid Pool

After you have estimated the quantity of liquid released, assume that the liquid forms a pool and
calculate the evaporation rate from the pool as described below. You may accountfor both passive and ative
mitigation in estimating the release rate. Passive mitigation may indudetechniques aready discussed in
Section 3.2.3 such as dikes and trenches. Active mitigation to reduce the release rate of liquid in poolsto the
air may indude an assortment of techniques induding foam or tarp coverings and weter or chemical sprays.
Some methodsof accounting for passive and active mitigation are discussed below.

If the calculated evaporation rate from the pool is greater than the liquid release rate you have
estimated from the container, no ol would be formed, and @lculating the release rate as the evaporation
rate from a pool would notbe appropriate. If the pool evaporation rate is greater than the liquid release rate,
use the liquid release rate as the release rate to air. Condder this possibility particularly for relatively volatile
liquids, gases ligufied by refrigeration, orliquids a devated temperature that form poolswith no nitigation.
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Unmitigated

Ambiert temperature. For poolswith no nitigation, if the liquid is aways at ambient temperature,
find the Liquid Factor Ambient (LFA) and the Density Factor (DF) in Exhibit B-2 of Appendix B (see
Appendix D, Sction D.22 for the deivation of these factors). If your ambient temperature is between 25 °C
and 30 °C, you may use this method D calculate the release rate, and then use the appropriate Temperature
Correction Factor from Exhibit B-4, Appendix B, to adjust the release rate, as described below. For gases
liquefied by refrigeration, use the Liquid Factor Boiling (LFB) ard DF from Exhibit B-1. Cakulate the
release rate from the following equation for liquids a& ambient temperature with no nitigation:

QR = QSx 24 x LFA x DF (7-8)
where: QR = Release rate (poundsper minute)

QS = Quantity released (pound9

2.4 = Wind speed factor = 3.0°8, where 3.0 meters per second 6.7 miles per
hou is the wind speed for the dternative scenario for purposes of this
guidance

LFA = Liguid Factor Ambient

DF = Density Factor

This method asumes that the total quantity of liquid released spreads outto form a pool one
centimeter in depth; it does nottake into accountevaporation as the liquid is released.

Example 23. Evaporation from Pool Formed by Liquid Released from Holein Tank (Allyl Alcohal)

In Example 21,9,830 mundsof dlyl alcohol wee estimated to be released fromaholein atank. From Exhibit
B-2, theDensty Factor for alyl alcohol is0.58, and theLiquid Factor Ambient is 0.0046. Assuming that the
liquid is not released into adiked area or insde a building, the evaporation rate from the pool of dlyl alcohol,
from Equation 7-8, is:

QR=9830 %24 x0.0046 x0.58 =63 pundsper minute

Elevated temperature. For poolswith no mitigation, if the liquid is a an devated temperature (above
50 °C or a or doseto its boiling point), find the Liquid Factor Boiling (LFB) ard the Density Fador (DF) in
Exhibit B-2 of Appendix B (see Appendix D, Section D.2.2, for the deivation of these factors). For liquids
at temperatures between 25 °C and 50 °C, you may use the method dovefor ambient temperature and goply
the appropriate Temperature Correction Factor from Appendix B, Exhibit B-4, to the result, as discussed
beow. For liquids above50 °C, or dose to their boiling points, or with no Temperature Correction Factors
available, calculate the release rate of the liquid from the following equation:

QR = QSx 2.4 x LFB x DF (7-9)
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where: QR = Release rate (poundsper minute)

QS = Quantity released (pound9

2.4 = Wind speed factor = 3.0°78, where 3.0 meters per second 6.7 miles per
hou is the wind speed for the dternative scenario for purposes of this
guidance

LFB = Liguid Factor Boiling

DF = Density Factor

Mitigated

Diked Areas. If the toxic liquid will be released into an area where it will be contained by dikes,
compare the diked area to the maximum area of the pool that could ke formed, as described in Section 3.2.3
(see Equaion 3-6). Also veify that the quantity spilled will be totally contained by the dikes. The smaller of
the two areas should e used in ddermination of the evaporation rate. If the maximum area of the pool is
smaller than the diked area, calculate the release rate as described for poolswith no mitigation (above). If the
diked areais smaller, and the spill will be totally contained, go b Exhibit B-2 in Appendix B to find the
Liguid Factor Ambient (LFA), if the liquid is a ambient temperature, or the Liquid Factor Boiling (LFB), if
the liquid is at an devated temperature. For temperatures between 25 °C and 90 °C, you may use the
appropriate Temperature Correction Factor from Exhibit B-4, Appendix B, to adjud the release rate, as
described below. For gases liquefied by refrigeration, use the LFB. Calculate the release rate from the diked
area as follows for liquids at ambient temperature:

QR = 24 x LFA x A (7-10)

or, for liquids at devated temperatures or gases liquefied by refrigeration done

QR =24 x LFB x A (7-12)
where: QR = Release rate (poundsper minute)

2.4 = Wind speed factor = 3.0°78, where 3.0 meters per second 6.7 miles per
hou is the wind speed for the dternative scenario for purposes of this
guidance

LFA = Liguid Factor Ambient (listed in Exhibit B-2, Appendix B)

LFB = Liguid Factor Boiling (listed in Exhibit B-1 or B-2, Appendix B)

A = Diked area (square fegt)

Releases Into Buildings If atoxic liquid is rleased insde a building, compare the area of the
building floor or any diked area that would @ntain the spill t 0 the maximum area of the pool that could be
formed; the smaller of the two areas should ke used in deermining the evaporation rate, as for the worst-case
scenario. The maximum area of the pool is daermined from Equation 3-6 in Section 3.2.3 for releases into
diked areas. The area of the building floor is the length times width of the floor (in feet) (Equation 3-9).

If the floor area or diked area is smaller than the maximum pool Sze, estimate the outdoor

evaporation rate from a pool the size of the floor area or diked area from Equation 7-10. If the maximum
pool aeais smaller, estimate the outdoor evaporation rate from a pool of maximum size from Equation 7-8.
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Egimate the rate of release of the toxic vapor from the building as five percent of the calculated outdoor
evaporation rate (multiply your evaporation rate by 0.05). See Appendix D, Section D.24 for more
information on Eleases into huildings.

Active Mitigation to Reduce Evegporation Rate. Examples of active mitigation techniques to reduce
the evaporation rate from the pool indude water sprays and foam or tarp covering. Usetest daa,
manufacturer design gecifications, or past experience to deermine the fractiond redudion of the release rate
by the mitigation technique Apply this fraction to the release rate (evaporation rate from the pool) that
would hare occurred without the mitigation technique, as follows:

QRgy = (1-FR) x QR (7-12)
where: QR = Reduced evaporation rate (release rate to air) from pool (poundsper
minute)
FR = Fradiond redudion resulting from mitigation
QR = Evaporation rate from pool without mitigation (poundsper minute)

Temperature Corrections for Liquids at Temperatures beéween % and 50 °C

If your liquid is a atemperature between 25 °C (77 °F) and 30 °C (122°F), you may use the
appropriate Temperature Correction Factor (TCF) fram Exhibit B-4, Appendix B, to calculate a corrected
release rate. Calculate the release rate (QR) of the liquid a 25 °C (77 °F) as described abovefor unnitigated
releases or releases in diked areas and nultiply the release rate by the appropriate TCF as described in
Section 3.2.5.

Evaporation Rate Compared to Liquid ReleaseRate

If you estimated the quantity of liquid in the pool based on an estimated liquid release rate from a
holein acontainer or pipe, as discussed in Sctions 7.2.1 and 7.2.2, compare the evaporation rate with the
liquid rdleaserate. If the evaporation rate from the pool is greater than the liquid release rate, use the liquid
rdease rate asthe rdeae rate to air.

Duration of Release

After you have estimated arelease rate as described ébove deermine the duration of the vapor
release from the pool (thetime it will t ake for the liquid pool to evaporate completely). To estimate the time
in minutes, dividethe total quantity released (in poundg by the release rate (in poundsper minute) (see
Equaion 3-5 in Section 3.2.2). If you ae usng the liquid release rate as the release rate to air, as discussed
in the preceding paragaph, estimate a iquid release duration as discussed in Sction 7.2.1 or 7.2.2. The
duration could ke the time it would take to stop the release or the time it would take to empty the tank orto
release al the liquid ebovethe leve of theleak. If you have corrected the release rate for atemperatures
above 25 °C, use the corrected rdease rate to estimate the duration.

April 15,1999 7-13



Chager7
Edimation of Releas Ratedor Alternative Serarios for Toxic Substarces

724 Common Water Solutionsand Oleum

You may use the methodsdescribed aéovein Sections7.2.1, 7.2.2, and 7.2.3 for pure liquids to
estimate the quantity of a solution of atoxic substaice or oleum that may besplled into apool. LFA, DF,
and LLF vdues for several conaentrations of ammonia, formaldehyde hydrochloric acid, hydrofluoric acid,
and nitric acid in water solution and for oleum are listed in Appendix B, Exhibit B-3. The LFA for awind
speed of 3.0 meters per second 6.7 miles per houn should ke used in the release rate calculations for
aternative scenarios for pools of solutions a ambient temperature.

For unmitigated releases or releases with passive mitigation, follow the ingtructionsin Section 7.2.3.
If active mitigation measures are in place, you may estimate a reduced release rate from the instructions on
active mitigation in Sction 7.2.2. Usethe total quantity of the solution as the quantity released from the
vessd or pipdine (QS) in carrying outthe calculation of the release rate to the atmosphere.

If the solution is at an devated temperature, see Section 3.3. As discussed in Section 3.3, you nay
treat the release of the substance in solution as arelease of the pure substance. Alternatively, if you have
vapor pressure data for the solution a the release temperature, you may estimate the release rate from the
equationsin Appendix D, SectionsD.2.1 and D.22.

If you estimated the quantity of solution in the pool based on an estimated liquid release rate from a
holein acontainer or pipe, as discussed in Stions 7.2.1 and 7.2.2, compare the evaporation rate with the
liquid rleaserate. If the evaporation rate from the pool is greater than the liquid release rate, use the liquid
rdease rate asthe rdeae rate to air.
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8 ESTIMATI ON OF DISTANCE TO THE ENDPOINT FOR
ALTERNATI VE SCENARIOS FOR TOXIC SUBSTANCES

In Chapter 8

. Reference tatbesof distarncesfor altemative releasges including:

-- Generic reference tables (Exhibit 4), and
-- Chemical-specific reference talbes (Exhibit 5).

. Consderationsinclude
-- Gas dengty (neutrally buoyant or dense),

-- Duration of release (10 minutes or 60 minutes),
-- Topography (rural or urban).

For estimating consequence distances for aternative scenarios for toxic substances, this guidance
provides four generic reference tables for neutrally buoyant gases and vgpors and four for dense geses. The
generic reference tables of distances (Reference Tables 14-21) are found a the end of Chapter 10. The
gengic tables and the conditions for which each table is applicable are described in Exhibit 4. Four chemical-
specific tables dso are provided for anmonia, chlorine, and sulfur dioxide. The chemical-specific reference
tables follow the generic reference tables at the end of Chapter 10. These tables, and the agpplicable
conditions, are described in Exhibit 5.

All t he reference tables of distances for dternative scenarios were developed assuming D gability
and awind peed of 3.0 meters per second 6.7 miles per houn) as representative of likely conditions for many
sites. Many wind speed and amospheric stabilit y combinations may be possible at different times in
different parts of the country. If D gability and 30 meters per second ae not reasonéeble conditions for your
site, you may want to use othe methodsto estimate distances.

For simplicity, this guidance assumes ground level releases. This guidance, therefore, may
oveestimate the consquence distance if your dternative scenario involves ardease above ground leve,
particularly for neutrally buoyant gases and vegpors. |f you want to assume an devated release, you may want
to condder othe methodsto deermine the consequence distance.

The geneic reference tables should ke used for dl toxic substances other than ammonia, chlorine,
and alfur dioxide. To use the generic reference tables, you ned to condder the release rates estimated for
gases and evaporation from liquid pools and the duration of the release. For the dternative scenarios, the
duration of toxic gas releases may be longe than the 10 minutes assumed for the worst-case analysis for
gases. You nexd to deermine the appropriate toxic endpoint and whether the gas or vapor is nautrally
buoyant or dense, usng the tables in Appendix B and mnddering the conditions of the release. You may
interpalate baween entries in the reference tables.
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Exhibit 4
Gereric Reference Tablesof Distancesfor Alternative Sce@rios
Applicable Conditions Reference Table
] ) Number
Gasor Vapor Density Topography Release Duration
(minutes)
Neutrally buoyant Rura 10 14
60 15
Urban 10 16
60 17
Dense Rural 10 18
60 19
Urban 10 20
60 21
Exhibit 5
Chemical-Specfic Reference Tablesof Distancesfor Alternative Sce@rios
Conditions of Release Reference
Substance Table
Gas a Vapor ReleaseDuration Topography Number
Density (minutes)
Anhydrousammonia Dense 10-60 Rural, urban 22
ligudfied unde pressure
Noniquefied anmonia, Neutrally buoyant 10-60 Rural, urban 23
ammonialiquefied by
refrigeration, or agueous
ammonia
Chlorine Dense 10-60 Rural, urban 24
Sulfur dioxide (anhydrous Dense 10-60 Rural, urban 25
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Note the following concerning the use of the chemical-specific reference tables for ammonia,
chloring, and aulfur dioxide;

Thetable for anhydrousammonia (Reference Table 22) applies only to flashing releases of
ammonialiqudied unde pressure. Use Table 23 for release of anmoniaas ages (e.g.,
evaporation from a pool or release from the vapor space of a tank).

You may use these tables for releases of any duration.

To use the reference tables of distances, follow these steps:

For Regulated Toxic SubstancesOther than Ammania, Chlorine, and SQulfur Dioxide

April 15,1999

Find the toxic endpoint for the substance in Appendix B (Exhibit B-1 for toxic gases or
Exhibit B-2 for toxic liquids).

Determine whether the table for neutrally buoyant or dense gases and vaoors is gppropriate
from Appendix B (Exhibit B-1 for toxic gases or Exhibit B-2, colurmn for alternative case,
for toxic liquids). A toxic gas that is lighter than air may behave as a dense gas upon release
if it is liquefied unde pressure, because the released gas may be mixed with liquid droplets,
orif it is cold. Congder the state of the released gas when you deside which table is
aporopriate.

Determine whether the table for rural or urban conditionsis appropriate.

- Usetherural tableif your siteis in an open area with few obstuctions.

- Use the urban table if your siteis in an urban or obstiucted area.

Determine whether the 10-minute table or the 60-minute table is appropriate.

- Use the 10-minute table for releases from evaporating pools of common water
solutions and of oleum.

- If you estimated the release duration for gas release or pool evaporation to be 10
minutes or less, use the 10-minute table.

- If you estimated the release duration for gas release or pool evaporation to be more
than 10 minutes, use the 60-minute table.

Neutrally Buoyant Gases or Vapors

If Exhibit B-1 or B-2 indicates the gas or vapor should ke conddered neutrally buoyant, and
othe factors would notcause the gas or vapor to behave as a dense gas, divide the estimated
release rate (poundsper minute) by the toxic endpoint (milligr ams per liter).



Chaper 8

Edimation of Distarce tothe Erdpoint for Alternative Scerarios for Toxic Substarces

Find the rangeof release rate/toxic endpoint vaues that indudes your calculated release
rate/toxic endpoint in the first column of the appropriate table (Reference Table 14, 15, 16,
or 17), then find the corresponding disance to the right.

Dense Gases or Vapors

If Exhibit B-1 or B-2 or condderation of other relevant factors indicates the substance
should ke conddered adense gas or vapor (heavier than air), find the distance in the
appropriate table (Reference Table 18, 19, 20, or 21) as follows;

- Find the toxic endpoint dosest to that of the substance by reading across the top of
the table. If the endpoint of the substance is halfway between two values an the
table, choos the value on te table that is smaller (to the left). Otherwise, chooe
the dosest vaue to the right or the left.

- Find the release rate dosest to the release rate estimated for the substance at the left
of thetable. If the calculated rdlease rate is hdfway between two vdues on the
table, choos the release rate that is larger (farther down on the table). Otherwise,
choos the dosest vaue (up or down on te table).

- Read across from the release rate and down from the endpoint to find the distance
corresponding b the toxic endpoint and release rate for your substance.

For Ammaia, Chlorine, or Qulfur Dioxide

April 15,1999

Find the appropriate chemical-specific table for your substaice (see the desaiptions of
Reference Tables 2225 in Exhibit 5).

- If you have ammonialiqudied by refrigeration done you may use Reference Table
23, even if the duration of the release is greater than 10 minutes.

- If you have chlorine or sulfur dioxide liquefied by refrigeration done you may use
the chemical-specific reference tables, even if the duration of the release is greater
than 10 minutes.

Determine whether rural or urban topography is applicable to your site.

- Use the rural column in the reference table if your siteis in an open area with few
obstiuctions.

- Use the urban wlumn if your siteis in an urban or obstructed area.
Egimate the consequence distance as follows:

-- In the left-hand @lumn of the table, find the release rate dosest to your calculated
releae rate.
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- Read the corresponding disance from the appropriate column (urban or rural) to the
right.

The development of the generic reference tables is discussed in Appendix D, SectionsD.4.1 and
D.4.2. The development of the chemical-specific reference tables is discussed in indugry-specific risk
managemen program guidance doauments and abackup information doament that are cited in Section
D.4.3. If you tink the results of the method presented hee ovastate the potential consequences of ayour
aternative release scenario, you may choos to use other methodsor modds that take additiond site-specific
factors into account

Examples 24 and 25 bdow indudethe results of modding usng two othe modds, ALOHA and
WHAZAN, for comparison with the results of the methodspresented in this guidance. Appendix D, Section
D.4.5 provides additiond information on his modding.

Example 24. Gas Release of Chlorine

Assume that you calculated arelease rate of 500 pundsper minuteof chlorinefromatank. A chemical-
specific table is provided for chloring, so you do not ned to conault Appendix B for information on dlorine
The topography of your site is urban. For a release of chlorine unde average meteorology (D stability and 3
meters per second wind peed), go to Réerence Table 24. The estimated release rate of 500 pundsper
minute with urban topography, correspondsto aconsequence distance of 0.4 miles.

Additional Modeling for Comparison

The ALOHA modd gave a distance of 3.0 miles to theendpoint, usng thesame assumptions

The WHAZAN modd gave a distance of 3.2 miles to theendpoint, usng thesame assumptions and thedense
cloud digpersion nodd.
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Example 25. Allyl Alcohol Evaporating from Pool

In Example 23, theevaporation rate of dlyl alcohol from a pool was calculated as 63 poundsper minute The totd
guantityin the ol wasegimated a®9,830 punds theefore, the pool would e/aporate in 9,83063 a 156
minutes. You would ug a 60-minutereference table to estimate the distance to theendpoint. From Exhibit B-2 in
Appendix B, thetoxic endpoint for dlyl alcohol is0.036 ng/L, and the gpprapriate reference table for the
altemative <erario aralysis is a reutrally buoyart plume tabbe. To find the dstarnce fom the reutrally buoyart
plume tables, you need the release rate divided by the endpoint. In this caseg, it is 63/0.036,0r 1,750. Assuming
the releas tales place ina ural location, you use Reérence Talbe 15, applicable to neutrally buoyart plumes 60-
minute rleages ard rura conditions. From this talle, you egimate tle dstarnce as0.4 mile.

Additional Modeling for Comparison

The ALOHA modd gave adistance of 0.7 mile to theendpoint for arelease rate of 63 poundsper minute usng
the same assumptions and thedense gas modd.

The WHAZAN modd gave a distance of 0.5 miile to theendpoint for arelease rate of 63 poundsper minute usng
the same assumptions and thebuoyant plume dispersion nodd.
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9 ESTIM ATIO N OF RELEASE RATES FOR ALTERNATIVE
SCENARIO SFOR FLAM MABLE SUBSTANCES

In Chapter 9

. Methodsto estimate a release rate to ar for aflammable gas (9.1) or liquid
(9.2).

9.1 Flammable Gases
Gaseus Releasefrom Tank or Pipe

An dternative scenario for arelease of aflammable gas may involve aleak from avessd or piping.
To estimate arelease rate for flammable gases from hole size and dorage conditions, you may use the method
described abovein Section 7.1.1 for toxic geses. This release rate may be used to daermine the dispersion
distance to the lower flammabilit y limit (LFL), as described in Section 10.1. Exhibit C-2 in Appendix C
includes Gas Factors (GF) that may be used in carrying outthe calculations for each of the regulated
flammable gases.

Example 26. Rdease Rate of Flammable Gas from Hole in Tank (Ethylene)

A pipe teas off a tark containing ethylene. The gpeis in the vapor space @ the tark. The releas rate from
the Iole canbe edimatedfrom Equation 7-1 in Section 7.1. You edimate tlat the dpe would leawe a fole with
an area (HA) of 5 gquare inches. The temperature inside the tank (T, , absolute temperature, Kelvin) is 282 K
9°C, and the square root of the temperature is 16 8. The pressure in the tank (P,) is appraximately 728 punds
per square inch absolute (psia). From Exhibit C-2, Appendix C, the gas factor (GF) for ethyleneis 18. From
Equation 71, the elea® rate (QR) is:

QR=5x728 %(1/168) x 18 =3,900 ppundsper minute

Gases Liquefied Under Pressure

A vapor doud fireis apossible result of arelease of agas liquefied unde pressure. You may usethe
methodsdescribed in Section 7.1.1 for toxic gases liquefied unde pressure to estimate the release rate from a
holein atank for aflammable gas liquefied unde pressure. The estimated release rate may be used to
estimate the dispersion digance to the LFL for avapor doud fire.

Flammable gases that are liquefied unde pressure may be released very rapidly, with partial

vaporization of the liquefied gas and possible aerosol formation. Section 10.4 presents a method for
estimating the consequences of avapor doud eplosion from such areease of agas liquefied unde pressure.

April 15,1999
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Gases Liquefied by Refrigeration

Flammable gases liquefied by refrigeration done can be treated as liquids for the dternative scenario
analysis, as discussed in Section 9.2 and Section 10.2, below.

9.2 Flammable Liquids

You may estimate arelease rate for flammable liquids by estimating the evaporation rate from a
pool. Release rates aso can be estimated for flammable gases liquefied by refrigeration done by this method,
if theliquefied gas is likely to form apool upon rElease. You first need to estimate the quantity in the pool.

You may use the method disussed in Section 7.2.1 to estimate arate of liquid release for flammable
liquidsinto apool from aholein atank or from a pipe shear. Exhibit C-3 in Appendix C indudes liquid leak
factors (LLF) for calculating rlease rate from ahole Note that the LLF is appropriate only for atmospheric
tanks LLF vaues are not provided for liquefied flammable gases; you will need to estimate the quantity in
the pool from other information for liquefied flammable gases.

Once you have an estimate of the quantity of flammable liquid in apool, you nay use the methods
presented in Sction 7.2.3 to estimate the evaporation rate from the pool. Liquid factors at ambient and
boiling temperature (LFA and LFB) for liquids for the calculation are listed in Exhibit C-3 in Appendix C,
and LBs for liquefied gases are listed in Exhibit C-2. Both passive and active mitigation measures
(discussed in Sections 7.2.2 and 7.2.3) may be taken into account You do notneed to estimate the duration
of the release, because this information is not used to estimate distance to the LFL, as discussed in the next
chapter.

As for toxic liquids, if the rate of evaporation of the liquid from the pool is greater than the rate of
release of the liquid from the container, you should u the liquid release rate, not the pool evaporation rate,
as therate of rdease to the air. You should epect rapid evaporation rates for liquefied flammable gases
from apool. All of the regulaed flammable liquids are volatile, so the evaporation rate from a pool may be
expected to be relatively high, particularly without mitigation.
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10 ESTIMATION OF DISTANCE TO THE ENDPOINT FOR
ALTERNATIVE S CENARIO SFOR FLAM MABLE SUBSTANCES

In Chapter 10

. 10.1 Method to etimate the dispersion digance to theLFL for vapor cloud
fires.

. 10.2 Method to etimate the distance to theheat radiation endpoint for a pool
fire involving aflammable liquid, based on thepool aea and factors provided
in the appendix.

. 10.3 Method to stimate the distance to theheat radiation endpoint for a

fireball from a BLEVE, wsing a eference talbe d distarces

. 10.4 Alternative scenario analysis for vapor cloud explosons, usng less
congervative assumptions than for worst-case vapor cloud &plosons

101 Vapor Cloud Fires

The distance to the LFL represents the maximum distance at which the radiant heat effects d avapaor
cloud fire might have serious consequences. Exhibit C-2, Appendix C, provides LCL data (in volume percent
and nilligr ams per liter) for listed flammable geses; Exhibit C-3 provides these daa for flammable liquids.
This guidance provides reference tables for the dternative scenario conditions assumed in this guidance (D
stahility and wind gpeed 3.0 meters per second, gound levd releases) for estimating the distance to the LCL.
Release rate is the primary factor for deermining digance to the flammable endpoint. Because the methods
used in this guidance assumes that the vapor doud rdeaseis in asteady state and that vapor doud fires are
nearly instantaneousevents, release duration is notacritical factor for estimating vapor doud fire distances.
Thus, the reference tables for flammable substances are not broken out sgparatly by rdease duration (e.g.,
10 minutes, 60 minutes). The development of these tables is discussed further in Appendix D, Section D.4.
The reference tables for flammable substances (Reference Tables 2629 a the end of Chapter 10) are listed in
Exhibit 6.

To use the reference tables of distanoces to find the distance to the LFL from the release rate, follow
these steps:

. Find the LFL endpoint for the substance in Appendix C (Exhibit C-2 for flammable gases or
Exhibit C-3 for flammable liquids).

. Determine from Appendix C whether the table for neutrally buoyant or dense gases and
vapors is appropriate (Exhibit C-2 for flammable gases or Exhibit C-3 for flanmable
liquids). A gasthat is lighter than air may behave as a dense gas upon rEease if it is
liquefied unde pressure, because the released gas may be mixed with liquid droplets, or if it
is cold. Congder the state of the released gas when you deside which table is appropriate.
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. Determine whether the table for rural or urban conditionsis appropriate.

Usetherural tableif your siteis in an open area with few obstuctions.

Use the urban table if your siteis in an urban or obstiucted area.

Exhibit 6

Reference Tablesof Distancesfor V apor Cloud Fires of Flammable Sibstances

Applicable Conditions Reference Table
] ) Number
Gasor Vapor Density Topography Release Duration
(minutes)

Neutrally buoyant Rural 10 - 60 26

Urban 10 - 60 27

Dense Rural 10-60 28

Urban 10-60 29

April 15,1999

Neutrally Buoyant Gases or Vapors

If Exhibit C-2 or C-3 indicates the gas or vapor should ke consdered neutrally buoyant, and
othe factors would notcause the gas or vapor to behave as a dense gas, divide the estimated
release rate (poundsper minute) by the LFL endpoint (milligr ams per liter).

Find the rangeof release rate/LFL values that incdludes your calculated rlease rate/LFL in
the first column of the appropriate table (Reference Table 26 or 27), then find the
corresponding disance to the right.

Dense Gases or Vapors

If Exhibit C-2 or C-3 or condderation of other relevant factors indicates the substance
should ke conddered adense gas or vapor (heavier than air), find the distance in the
appropriate table (Reference Table 28 or 29) as follows:

- Find the LFL closest to that of the substance by reading across the top of the table.
If the LFL of the substance is halfway between two values an the table, choos the
value on hetable that is smaller (to the left). Otherwise, choos the dosest vaueto
the right or the left.

-- Find the release rate dosest to the release rate estimated for the substance at the left
of thetable. If the calculated release rate is hdfway between two vdues on the

10-2
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table, choo® the release rate that is larger (farther down on the table). Otherwise,
choos the dosest vaue (up or down on te table).

-- Read across from the release rate and down from the LFL to find the distance
corresponding b the LFL and rdlease rate for your substaice.

Example 27. Flammable Gas Release (Ethylene)

In Example 26, you estimated arelease rate for ethylene from ahole in atank of 3,900 ppundsper minute You
want to estimate the distance to theLFL for avgpor cloud fre resulting from this release.

From Exhibit C-2, Appendix C,theLFL for ethyleneis 31 mg/L, and theappropriate table for distance
edimation isa neutally buoyant gagalde for flammable suibstances Your ste isin a wral area, ® you would
use Reérence Tatbe 6.

To use the reutrally buoyart gas taldes you needto calcuate eleas rate/erdpoint. Inthis ca®, rFleae
rate/LFL =3,90081 a 126. OnReference Table 26,126 #lIs in the range of release rate/LFL values
corresponding to G2 miles.
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Example 28. Vapor Cloud Fire from Evaporating Pool of Flammable Liquid

You have atank containing 20000 poundsof ethyl ether. A likely scenario for arelease might ke shearing ofa
pipe from thetank, with thereleased liquid forming apool. You want to estimate the consequences of a vapor
cloud fre tha might result from evaporation of the pool and ignition ofthe vapor.

You first need to estimate therate of release of theliquid fromthetank. You @n do thisusng Equation 7-4,
Section 7.2.1. For this calcuation, you needthe aea d the tole that would result from sheaiing the ppe (HA),
the hdght of theliquid in thetank ebovethe hole (LH), and theliquid lesk factor (LLF) for ethyl ether, from
Exhibit C-3 in Appendix C. The gpe diameteris 2 inches 0 the cioss sectional area @ the hole would be 3.1
square inches You egimate that the ipe is 2 feet, or24 inches below the level otthe liquid when the tank is
full. The square root of LH (24 inches) is 4.9. LLF for ethyl ether is 34. From Equation 7-4, therate of release
of the liquid fromthe hole iscalculated as

31x49x34
520 pundsper minute

QR

You estimate that the reease of the liquid could be stopped in @out 10 minutes. In 10 minutes, 10 x520,or
5,200 munds would ke released.

The liquid would ke released into an area without dikes. To estimate the evaporation rate from the pool formed
by thereleased liquid, you use Equation 7-8 from Section 7.2.3. To carry out thecalculation, you ned the
Liquid Factor Ambient (LFA) and theDensty Factor (DF) for ethyl ether. From Exhibit C-3, Appendix C,
LFA for ethyl ether is 0.11 ard DF is 0.69. The relea® rate toair is:

5,200 x24 x0.11 x0.69
950 pundsper minute

QR

The ewaporation rate from the pool is greaterthanthe esimatedliquid relea rate; therefore, you use the liquid
release rate of 520 pundsper minuteas therelease rate to dr. To estimate the maximum distance a which
people in thearea of thevapor cloud @uld suffer seriousinjury, estimate the distance to thelower flammability
limit (LFL) (in milligr ams per liter) for ethy ether, fromthe ajpropriate eference tatbe. From Exhibit C-3,
Appendix C,LFL for ethyl ether is 57 mg/L, and theappropriate reference table is adense gas teble. Your ste
is in a ural area with few obstructions, s you use Reérence Talbe 28.

From Reference Table 28,the closest LFL is 60 ng/L. The lowest release rate on the table is 1,500 pundsper
minute, which is higher thanthe eaporation rate esimatedfor the pool of ethyl ether. For a Elea< rate les
than 1,500 pundsper minute thedistance to theLFL is less than 0.1 miles.
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102 Pool Fires

Pool fires may be conddered as potential alternative scenarios for flammable liquids, induding gases
liquefied by refrigeration done You may find, however, that other scenarios will give a greater distance to
the endpoint and, therefore, may be more appropriate as dternative scenarios. A "Pool Fre Factor" (PFF)
has been deived for each of the regulated flammable liquids and nost of the flammable gases to ad in the
conseguence analysis. The daivation of these factors is discussed in Appendix D, Section D.9. The PFF,
listed in Appendix C, Exhibit C-2 for flammable gases and G-3 for flammable liquids, may be used to
estimate a distance from the center of a pool fire where people could potentially receive second deyree burns
from a 40-second exposure. The heat radiation endpoint for this analysis is 5 kilowatts pe sqlare meter
(KW/m?). Ambient temperature is assumed to be 25 °C (77 °F) for calculation of the PFF fa flanmable
liquids.

To estimate a distance using the PFF,you first need to estimate the size of the pool, in juare feet,
that might be formed by the release of a flammable substance. You may use the methodsdescribed abovefor
toxic liquidsto estimate pool 9ze. Densty factors (DF) for the estimation of pool Sze in undiked areas may
be found br flammable gases and flammable liquids in Exhibits C-2 and G3 of Appendix C. For flammable
gases, the DF is based on he densty at the boiling point. You may want to consder whether the released
substance may evaporate too quickly to form a pool of the maximum size, particularly for liquefied gases.

Distances may be estimated from the PFF au the pool area as follows:

d = PFF x /A (10-1)
where: d = Distance fee)
PFF = Pool Fre Factor (listed for each flammable substance in Appendix C,
Exhibits C-2 and G-3)
A = Pool area (square feet)
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Example 2. Paol Fire of Flammable Liquid

For atank containing 20000 poundsof ethyl ether, you want to estimate the consequences of apool fire. You
estimate that 15000 pundswould ke released into an area without dikes, forming apool. Assuming theliquid
spreads to a depth of 1 centimeter(0.39 inches, you edimate tte aea d the pool formed from Equation 3-6,
Section 3.2.3. For this calculation, you need the densty factor (DF) for ethyl ether; from Exhibit C-3,
Appendix C,DF for ethyl ether is 0.69. From Equation 3-6, thearea of the pool is.

A =15000 x0.69 =10400 gjuare feet

Y ou canuse Equation 10-1 to egimate the dstarce fom the certer of the kurning pool where the heat ediation
level would reach5 kwW/m?. For the calcuation, you needthe sjuare root of the pool area @) ard the pool fire
factor (PFF) for ethyl ether. The square root of A, 10400 gjuare feet, is 102 get. From Exhibit C-3,
Appendix C, PFF for ethyl ether is 4.3. From Equation 10-1, thedistance (d) to 5kW/n? is:

d=43 x 102 =440 get (2bout 0.08 niles)

If you have agas that is liquefied unde pressure or unde a combination of pressure and
refrigeration, apool fire is probably notan appropriate dternative scenario. A fire or explosion involving the
flammable gas that is released to the air by a sudden release of pressure is likely to have the potential for
serious effects a a greater distance than a pool fire (e.g., $e the methodsfor analysis of BLEVES and vaor
cloud eplosionsin Sections 10.3 and 10.4 below, or see Appendix A for references that provide more
information on ®nsequence analysis for fires and explosions).

10.3 BLEVEs

If afireball from aBLEVE is a potential release scenario a your site, you may use Reference Table
30 to estimate the distance to a potentially hamful radiant heat level. The table shows distances for arange
of quantities to the radiant heat leved that potentially could cuse second deree burns to a person exposed for
the duration of the fire. The quantity you us should ke the total quantity in atank that might be involved in a
BLEVE. The equations used to derive this table of distances are presented in Appendix D, Section D.10. If
you prefer, you may use the equationsto estimate a distance for BLEVES, or you nmay use a different
calculation method ormodd.

104 Vapor Cloud Exploson

If you have the potential at your site for the rapid release of a large quantity of a flammable vapor,
particularly into acongested area, a vapor doud explosion may be an appropriate aternative release scenario.
For the consequence analysis, you may use the same methodsas for the worst case to estimate consequence
distances to an ovapressure endpoint of 1 psi (see Section 5.1 and the equaion in Appendix C). Instead of
assuming the total quantity of flammable substance released is in the vapar doud, you may estimate a smaller
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guantity in the doud. You ould base your estimate of the quantity in the doud on he release rate estimated
as described ebovefor gases and liquids multiplied by the time required to stop the release.

To estimate the quantity in the doud for a gas liquefied unde pressure (not refrigerated), you may
use the equation below. This equation incorporates a “flash fraction factor" (FFF),listed in Appendix C,
Exhibit C-2 for regulated flammable gases, to estimate the quantity that could be immediately flashed into
vapor upon rdease. A factor of two isinduded to estimate the quantity that might be carried aong & spray
or aerosol. See Appendix D, Section D.11 for the deivation of this equation. The equaion is:

QF = FFF x QSx 2 (10-2)
where: QF = Quantity flashed into vapor plus aerosol (poundg (cannotbe larger than
Q9
FFF = Flash fradion factor (unitless) (listed in Appendix C, Exhibit C-2) (must be
less than 1)
QS = Quantity spilled (poundy
2 = Factor to accountfor spray and aerosol

For deivation of the FFF, the temperature of the stored gas was assumed to be 25 °C (77 °F) (except
as noted in Exhibit C-2). You nay estimate the flash fraction unde othe conditions usng the equation
presented in Appendix D, Section D.11.

You may estimate the distance to 1 psi for avapor doud explosion from the quantity in the cloud
using Reference Table 13 (at the end of the worst-case analysis discussion) or from Equaion C-1 in
Appendix C. For the aternative scenario analysis, you nay use ayield factor of 3 percent, instead of the
yield factor of 10 percent used in the worst-case analysis. As discussed in Appendix D, Section D.11, the
yield factor of 3 percent is representative of more likely events, based on daa from past vapor doud
explosions. If you us the equation in Appendix C, use 0.03 instead of 0.1 in the calculation. If you ue
Reference Table 13, you @n incorporate the lower yield factor by multiplying the distance you read from
Reference Table 13 by0.67.
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Example 30. Vapor Cloud Explosion (Propane)

You have atank containing 50000 poundsof propane liquefied unde pressure at ambient temperature. You
want to estimate the consequence distance for avapor cloud exploson resulting from rupture of the tank.

You ue Equation 10-2 to estimate the quantity tha might be released to form acloud. You bese the
calculation on the entire contents of the tank (QS= 50000 pundg. From Exhibit C-2 of Appendix C,the
Flash Fraction Factor (FFF)for propane is 0.38. From Equdion 10-2, the quantity flashed into vaoor, plusthe
quantity tha might be carried dong & aerosol, (QF) is:

QF=0.38 x50000 x2 =38000 munds

You assume 38000 pundsof propane is in theflammable part of thevapor cloud. This quantity falls between
20,000 ppundsand 50,000 pundsin Rderence Table 13; 50,000 pundsis the quantity closest to your
guantity. Fromthe talbe, the ditance to Ipsi overpressure is 0.3 mile for 50,000 poundsof propane for a 10
percent yeld factor. To change theigld factorto 3 percent, yu multiply this distance ly 0.67; then the
distarce kecanes 0.2 mile.
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Reference Table 14
Neutrally Buoyant Plume Distances to Toxic Endpoint for ReleaseRate Divided by Endpoint
10-Minute Release, Rural Conditions, D Sability, Wind Speed 0 Metersper Secad

April 15,1999

10-9

Release Rate/Endpoint Distanceto Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint
(miles) (miles)
0-64 0.1 130000 - 140000 48
64 - 510 0.2 140000 - 160000 50
510 - 1300 0.3 160000 - 180000 52
1,300 - 2300 04 180000 - 190000 54
2,300 - 4100 0.6 190000 - 210000 56
4,100 - 6300 0.8 210000 - 220000 58
6,300 - 8800 10 220000 - 240000 6.0
8,800 - 12000 12 240000 - 261000 6.2
12000 - 16000 14 261000 - 325000 6.8
16,000 - 19000 16 325000 - 397000 75
19000 - 22000 18 397000 - 477000 8.1
22000 - 26000 20 477000 - 566000 8.7
26000 - 30000 2.2 566000 - 663000 9.3
30,000 - 36000 24 663000 - 769000 9.9
36,000 - 42000 26 769000 - 1010000 11
42000 - 47000 28 1,010000 - 1280000 12
47000 - 54000 3.0 1,280000 - 1600000 14
54000 - 60000 3.2 1,600000 - 1950000 15
60,000 - 70000 34 1,950000 - 2340000 16
70000 - 78000 3.6 2,340000 - 2770000 17
78000 - 87000 38 2,770000 - 3240000 19
87000 - 97000 40 3,240000 - 4590000 22
97000 - 110000 4.2 4,590000 - 6190000 25
110000 - 120000 44 >6,190000 >25*
120000 - 130000 46

*Report distarce as25 miles



Reference Table 15
Neutrally Buoyant Plume Distances to Toxic Endpoint for ReleaseRate Divided by Endpoint
60-Min ute Release, Rural Conditions, D Sabilit y, Wind Speed 30 Meters per Secod

Release Rate/Endpoint Distanceto Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint

(miles) (miles)
0-79 0.1 100000 - 108000 4.8
79 - 630 0.2 108000 - 113000 50
630 - 1600 0.3 113000 - 120000 5.2
1,600 - 2800 04 120000 - 126000 54
2,800 - 5200 0.6 126000 - 132000 56
5,200 - 7900 0.8 132000 - 140000 58
7,900 - 11000 10 140000 - 150000 6.0
11,000 - 14000 12 150000 - 151000 6.2
14000 - 19000 14 151000 - 171000 6.8
19000 - 23000 16 171000 - 191000 75
23000 - 27000 18 191000 - 212000 8.1
27000 - 32000 20 212000 - 233000 8.7
32000 - 36000 2.2 233000 - 256000 9.3
36,000 - 42000 24 256000 - 280000 9.9
42000 - 47000 26 280000 - 332000 11
47000 - 52000 28 332000 - 390000 12
52000 - 57000 3.0 390000 - 456000 14
57000 - 61000 3.2 456000 - 52900 15
61,000 - 68000 34 529000 - 610000 16
68,000 - 73000 3.6 610000 - 699000 17
73000 - 79000 3.8 699000 - 796000 19
79000 - 84000 40 796000 - 1080000 22
84000 - 91000 4.2 1,080000 - 1410000 25

91,000 - 97000 44 >1,410000 >25*

97000 - 100000 4.6

*Report distarce as25 miles
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Reference Table 16
Neutrally Buoyant Plume Distances to Toxic Endpoint for ReleaseRate Divided by Endpoint
10-Minute Release, Urban Conditions, D Sabilit y, Wind Speed 0 Metersper Secad

April 15,1999

10-11

*Report distarce as25 miles

Release Rate/Endpoint Distance to Endpoint ReleaseRate/Endpoint Distance to
[(Ibs/min)/(mg/L)] (miles) [(Ibs/min)/(mg/L)] Endpoint
(miles)
0-160 0.1 600000 - 660000 4.8
160 - 1400 0.2 660000 - 720000 50
1,400 - 3600 0.3 720000 - 810000 52
3,600 - 6900 04 810000 - 880000 54
6,900 - 13000 0.6 880000 - 950000 5.6
13,000 - 22000 0.8 950000 - 1000000 58
22000 - 31000 10 1,000000 - 1100000 6.0
31,000 - 42000 1.2 1,100000 - 1220000 6.2
42000 - 59000 14 1,220000 - 1530000 6.8
59,000 - 73000 16 1,530000 - 1880000 75
73000 - 88000 138 1,880000 - 2280000 8.1
88,000 - 100000 20 2,280000 - 2710000 8.7
100000 - 120000 22 2,710000 - 3200000 9.3
120000 - 150000 24 3,200000 - 3730000 9.9
150000 - 170000 26 3,730000 - 4920000 11
170000 - 200000 238 4920000 - 6310000 12
200000 - 230000 3.0 6,310000 - 7890000 14
230000 - 260000 3.2 7,890000 - 9660000 15
260000 - 310000 34 9,660000 - 11600000 16
310000 - 340000 3.6 11600000 - 13800000 17
340000 - 390000 3.8 13,800000 - 16200000 19
390000 - 430000 4.0 16,200000 - 23100000 22
430000 - 490000 4.2 23100000 - 31300000 25
490000 - 540000 44 >31,300000 >25*
540000 - 600000 4.6




Reference Table 17
Neutrally Buoyant Plume Distances to Toxic Endpoint for ReleaseRate Divided by Endpoint
60-Min ute Rdlease, Urban Conditions, D Sabilit y, Wind Speed 30 Metersper Secad

April 15,1999

10-12

Release Rate/Endpoint Distanceto Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint
(miles) (miles)
0-200 0.1 460000 - 490000 4.8
200 - 1700 0.2 490000 - 520000 50
1,700 - 4500 0.3 520000 - 550000 52
4,500 - 8600 04 550000 - 580000 54
8,600 - 17000 0.6 580000 - 610000 5.6
17000 - 27000 0.8 610000 - 640000 58
27000 - 39000 10 640000 - 680000 6.0
39,000 - 53000 12 680000 - 705000 6.2
53,000 - 73000 14 705000 - 804000 6.8
73000 - 90000 16 804000 - 905000 75
90,000 - 110000 138 905000 - 1010000 8.1
110000 - 130000 20 1,010000 - 1120000 8.7
130000 - 150000 22 1,120000 - 1230000 9.3
150000 - 170000 24 1,230000 - 1350000 9.9
170000 - 200000 26 1,350000 - 1620000 11
200000 - 220000 238 1,620000 - 1920000 12
220000 - 240000 3.0 1,920000 - 2250000 14
240000 - 270000 3.2 2,250000 - 2620000 15
270000 - 300000 34 2,620000 - 3030000 16
300000 - 320000 3.6 3,030000 - 3490000 17
320000 - 350000 3.8 3,490000 - 3980000 19
350000 - 370000 4.0 3,980000 - 5410000 22
370000 - 410000 4.2 5,410000 - 7120000 25
410000 - 430000 44 >7,120000 >25*
430000 - 460000 4.6

*Report distarce as25 miles



Reference Teble 18
DenseGas Distances to Toxic Endpoint
10-minute Release, Rural Conditions, D Stabilit y, Wind Speed3.0 M eters per Secord

Toxic Endpoint (mg/L)
RS:Iaese 0.0004 | 0.0007 | 0.001 | 0.002 | 0.0035 | 0.005 | 0.0075 | 0.01 | 0.02 | 0.035 | 0.05 | 0.075 | 01 | 0.25 | 0.5 | 0.75
(Ibs/min) Distance (Miles)

1 0.6 04 04 02 0.2 01 0.1 0.1 <01 <0.1 # # # # # #

2 0.9 06 0.5 04 0.3 0.2 0.2 01 0.1 01 <01 <0.1 # # # #

5 14 11 0.9 06 04 04 0.3 0.2 0.2 01 0.1 01 <0.1 # # #

10 20 15 12 0.9 06 0.5 04 04 0.2 0.2 01 0.1 01 <01 <0.1 #
30 37 27 22 15 11 0.9 0.7 0.7 05 0.3 03 0.2 0.2 0.1 0.1 <0.1

50 50 37 30 21 19 12 10 0.9 0.6 04 04 0.3 0.2 0.2 01 0.1

100 74 53 43 30 23 17 14 12 09 0.6 0.6 04 04 0.2 0.2 0.1
150 8.7 6.8 55 38 28 23 19 1.6 11 0.8 0.7 0.6 05 0.3 0.2 0.2
250 12 8.7 74 50 37 30 24 21 14 11 0.9 0.7 0.5 04 0.3 0.2
500 17 13 11 74 53 45 3.6 30 21 16 1.3 11 0.9 0.6 04 03
750 22 16 13 93 6.8 56 45 38 27 19 1.6 13 11 0.7 0.5 04
1,000 >25 19 16 11 8.1 6.8 52 45 31 23 22 15 1.3 08 0.6 04
1,500 * 23 19 13 9.9 8.1 6.8 56 39 29 24 19 16 10 0.7 0.6
2,000 * >25 22 15 12 93 74 6.8 45 34 27 22 19 12 0.8 0.6
2500 * * 25 17 13 11 8.7 74 52 38 32 25 21 1.3 09 0.7
3,000 * * >25 19 14 12 9.3 8.1 5.7 42 35 28 24 14 1.0 08
4,000 * * * 22 17 14 11 9.3 6.8 4.9 41 33 28 17 11 0.9
5,000 * * * >25 19 16 12 11 74 5.6 47 37 31 21 13 11
7500 * * * * 24 19 16 13 93 6.8 58 4.7 40 24 16 1.3
10,000 * * * * >25 22 18 16 11 8.1 6.8 53 46 28 19 15
15000 * * * * * >25 22 19 13 9.9 8.1 6.8 57 35 24 19
20,000 * * * * * * >25 22 16 11 93 74 6.8 4.0 28 22
50,000 * * * * * * * >25 24 18 15 12 10 6.5 45 36
75000 * * * * * * * * >25 22 18 15 13 7.8 54 44
100000 * * * * * * * * * >25 21 17 14 8.9 6.3 50
150000 * * * * * * * * * * >25 20 17 11 74 6.0
200000 * * * * * * * * * * * 23 19 12 8.5 6.8

* >25 miles (eport distance as 25 miles) # <0.1 mile (report distance as 0.1 mile)
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Reference Table 19
Dense Gas Distancesto Toxic Endpoint
60-minute Release, Rural Conditions, D Sabilit y, Wind Speed 30 Metersper Secad

Toxic Endpoint (mg/L)
RS:Iaese 0.0004 | 0.0007 | 0.001 | 0.002 | 0.0035 | 0.005 | 0.0075 | 0.01 | 0.02 | 0.035 | 0.05 | 0.075 | 01 | 0.25 | 0.5 | 0.75
(Ibs/min) Distance (Miles)

1 0.5 04 0.3 0.2 0.2 0.1 0.1 0.1 <0.1 # # # # # # #

2 0.8 0.6 0.5 0.3 0.2 0.2 0.2 0.1 0.1 <0.1 <0.1 <0.1 # # # #

5 16 10 0.8 05 04 0.3 0.2 0.2 0.2 01 0.1 01 <01 # # #

10 20 14 12 0.8 06 0.5 04 0.3 0.2 0.2 01 0.1 01 <01 <01 #
30 40 28 22 15 11 0.9 0.7 0.6 04 0.3 0.2 0.2 0.2 0.1 0.1 <01

50 55 39 31 21 15 12 10 0.8 0.6 04 03 0.3 0.2 0.1 01 0.1

100 8.7 6.1 48 32 22 18 14 12 08 0.6 05 04 03 0.2 01 0.1
150 12 8.1 6.2 41 29 23 18 16 11 0.7 0.6 05 04 03 0.2 01
250 17 11 8.7 5.6 40 32 25 21 14 11 09 0.7 0.6 04 0.2 0.2
500 >25 19 14 9.3 6.2 5.0 39 33 22 16 13 1.0 09 0.5 04 0.3
750 * 25 19 12 8.7 6.8 51 4.2 28 20 16 13 11 0.6 04 04
1,000 * >25 24 15 11 8.1 6.1 52 34 24 19 15 1.3 0.7 0.5 04
1,500 * * >25 20 14 11 8.1 6.8 43 30 25 19 17 10 0.7 05
2,000 * * * 24 17 13 9.9 8.1 52 37 29 23 19 12 0.7 0.6
2500 * * * >25 19 15 12 93 6.0 43 34 27 22 13 0.9 0.7
3,000 * * * * 22 17 13 11 6.8 4.8 38 30 25 15 10 0.8
4,000 * * * * >25 21 16 14 8.7 58 4.7 36 30 17 12 09
5,000 * * * * * 25 19 16 99 6.8 53 41 35 20 14 11
7500 * * * * * >25 25 20 13 9.3 6.8 54 45 2.6 17 14
10,000 * * * * * * >25 25 16 11 8.7 6.8 54 31 21 1.6
15000 * * * * * * * >25 21 14 11 8.7 74 4.0 26 21
20000 * * * * * * * * 25 17 14 11 8.7 4.8 31 25
50,000 * * * * * * * * >25 >25 25 19 16 88 5.6 43
75,000 * * * * * * * * * * >25 25 20 11 7.3 5.6
100000 * * * * * * * * * * * >25 24 14 94 6.8
150000 * * * * * * * * * * * * >25 17 11 8.7
200000 * * * * * * * * * * * * * 20 13 10

* > 25 niles (report distance as 25 riles) # <0.1 mile (report distance as 0.1 mile)
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Reference Table 20
Dense Gas Distancesto Toxic Endpoint
10-minute Rdease, Urban Conditions, D Sabilit y, Wind Speed 30 Metersper Secad

Toxic Endpoint (mg/L)
RS:Iaese 0.0004 | 0.0007 | 0.001 | 0.002 | 0.0035 | 0.005 | 0.0075 | 0.01 | 0.02 | 0.035 | 0.05 | 0.075 | 01 | 0.25 | 0.5 | 0.75
(Ibs/min) Distance (Miles)

1 0.5 0.3 0.2 0.2 0.1 0.1 0.1 0.1 <0.1 # # # # # # #

2 0.7 0.5 04 0.3 0.2 0.2 0.1 0.1 0.1 <0.1 <0.1 # # # # #

5 1.1 0.8 0.6 0.5 0.3 0.3 0.2 0.2 0.1 0.1 0.1 <0.1 <0.1 # # #

10 21 12 10 0.7 05 04 03 0.3 0.2 0.1 01 0.1 01 <01 # #

30 30 22 19 12 09 0.8 0.6 0.6 04 0.3 0.2 0.2 0.1 0.1 <01 #
50 41 30 25 16 12 1.0 08 0.7 05 0.3 03 0.2 0.2 0.1 0.1 <01

100 58 43 35 27 18 14 12 1.0 0.7 0.6 04 04 03 0.2 01 0.1
150 74 55 45 31 22 19 14 12 09 0.7 0.6 04 04 0.2 0.2 0.1
250 99 74 58 41 30 25 20 17 11 0.9 0.7 0.6 05 0.3 0.2 0.1
500 14 11 8.7 59 43 3.6 29 25 17 12 10 0.8 0.7 04 03 0.2
750 17 13 11 74 55 45 3.6 31 21 16 12 10 0.9 05 04 03
1,000 20 15 12 8.7 6.2 53 43 35 25 18 15 12 1.0 0.6 04 03
1,500 >25 19 16 11 8.1 6.2 52 45 30 22 18 15 12 0.7 0.5 04
2,000 * 22 18 12 9.3 74 6.2 52 37 27 22 17 14 09 0.6 05
2500 * 24 20 14 11 8.7 6.8 6.0 38 30 22 19 17 1.0 0.7 0.6
3,000 * >25 22 16 11 93 74 6.8 45 33 27 21 19 11 0.7 0.6
4,000 * * >25 18 14 11 8.7 74 53 40 32 26 21 12 0.9 0.7
5,000 * * * 20 15 12 9.9 8.7 5.8 44 3.6 29 24 14 0.9 0.7
7500 * * * >25 19 16 12 11 74 55 45 3.6 30 18 12 0.9
10,000 * * * * 22 18 14 12 8.7 6.2 52 4.2 36 21 14 11
15000 * * * * >25 22 18 16 11 8.1 6.8 52 44 2.6 17 1.3
20000 * * * * * >25 20 18 12 9.3 74 6.0 52 30 20 1.6
50,000 * * * * * * >25 >25 20 15 12 9.7 8.3 5.0 33 2.6
75000 * * * * * * * * 25 18 15 12 10 6.1 41 31
100000 * * * * * * * * >25 21 17 14 12 7.0 47 37
150000 * * * * * * * * * >25 21 17 14 8.5 5.7 45
200000 * * * * * * * * * * 24 19 16 9.7 6.5 51
* > 25 niles (report distance as 25 riles) # <0.1 mile (report distance as 0.1 mile)
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Reference Table 21
Dense Gas Distancesto Toxic Endpoint
60-minute Release, Urban Conditions, D Sabilit y, Wind Speed 3 Metersper Secad

Toxic Endpoint (mg/L)
RS:Iaese 0.0004 | 0.0007 | 0.001 | 0.002 | 0.0035 | 0.005 | 0.0075 | 0.01 | 0.02 | 0.035 | 0.05 | 0.075 | 01 | 0.25 | 0.5 | 0.75
(Ios/min) Distance (Miles)

1 04 0.3 0.2 0.2 0.1 0.1 0.1 <0.1 # # # # # # # #

2 0.7 05 04 02 0.2 0.2 0.1 0.1 <01 <0.1 # # # # # #

5 11 08 0.7 04 0.3 0.2 0.2 0.2 0.1 01 <01 <01 <01 # # #

10 17 12 10 0.7 05 04 03 0.3 0.2 0.1 01 0.1 01 <01 # #

30 33 24 19 13 09 0.7 0.6 0.5 0.3 0.2 0.2 0.2 0.1 0.1 <01 #
50 47 33 26 17 12 1.0 08 0.7 04 0.3 03 0.2 0.2 0.1 0.1 <01

100 74 52 41 27 19 15 12 1.0 0.7 0.5 04 0.3 03 0.2 01 0.1
150 99 6.8 53 34 24 19 15 1.3 09 0.6 05 04 0.3 0.2 01 0.1
250 14 93 74 47 34 27 21 17 11 038 0.7 05 04 03 0.2 01
500 22 16 12 74 52 42 32 27 17 12 1.0 038 0.7 04 0.2 0.2
750 >25 20 16 9.9 6.8 54 42 35 22 16 13 1.0 09 0.5 03 0.3
1,000 * 24 19 12 8.1 6.8 50 42 27 18 1.6 12 1.0 0.6 04 03
1,500 * >25 >25 16 11 8.7 6.8 55 35 19 20 16 13 0.7 05 04
2,000 * * * 19 14 11 8.1 6.8 4.2 30 22 19 16 09 0.6 04
2500 * * * 23 16 12 9.3 74 4.9 34 27 21 17 10 0.6 05
3,000 * * * >25 18 14 11 8.7 55 38 30 24 20 11 0.7 0.6
4,000 * * * * 22 17 13 11 6.8 4.7 31 28 24 1.3 09 0.7
5,000 * * * * >25 20 16 12 8.1 53 43 33 27 15 1.0 0.7
7500 * * * * * 25 20 17 11 6.8 5.6 43 35 20 12 09
10,000 * * * * * >25 24 20 13 8.7 6.8 52 43 24 15 11
15000 * * * * * * >25 >25 17 11 8.7 6.8 5.6 30 19 15
20000 * * * * * * * * 20 14 11 8.1 6.8 36 23 17
50,000 * * * * * * * * >25 >25 20 15 13 6.6 4.0 31
75,000 * * * * * * * * * * >25 20 16 8.7 53 39
100000 * * * * * * * * * * * 24 20 10 6.3 4.7
150000 * * * * * * * * * * * >25 >25 14 8.2 6.1
200000 * * * * * * * * * * * * * 16 9.9 73
* > 25 niles (report distance as 25 riles) # <0.1 mile (report distance as 0.1 mile)
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Distancesto Toxic Endpoint for Anhydrous Ammonia Liquefied Under Pressure

Reference Table 2

D Stability, Wind Speed 30 Meters per Secod

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban

<10 <0.1*

10 01

15 01

<0.1*

20 01

30 01

40 01

50 01

60 0.2 01

70 0.2 01

80 0.2 01

90 0.2 01
100 0.2 01
150 0.2 01
200 03 01
250 03 01
300 03 01
400 04 0.2
500 04 0.2
600 05 0.2
700 05 0.2
750 05 0.2
800 05 0.2

* Report distance as 0.1 mile

April 15,1999

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban
900 0.6 0.2
1,000 0.6 0.2
1,500 0.7 0.3
2,000 038 0.3
2,500 09 0.3
3,000 10 04
4,000 12 04
5,000 13 0.5
7,500 16 0.5
10,000 18 0.6
15000 22 0.7
20000 25 0.8
25000 28 0.9
30000 31 1.0
40000 35 11
50000 3.9 1.2
75000 48 14
100000 54 1.6
150000 6.6 1.9
200000 7.6 21
250000 84 2.3
10 - 17




Reference Table 23
Distancesto Toxic Endpoint for Non-liquefied Ammonia, Ammonia Liquefied by Refrigeration, or

Aqueous Ammonia
D Stability, Wind Speed 30 Meters per Secod

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban

<8 <0.1*

8 01

10 01

15 01 <0.I*
20 01
30 01
40 01

50 0.2 01
60 0.2 01
70 0.2 01
80 0.2 01
90 0.2 01
100 0.2 01
150 03 01
200 03 01
250 04 0.2
300 04 0.2
400 04 0.2
500 05 0.2
600 0.6 0.2
700 0.6 0.2
750 0.6 0.2

* Report distance as 0.1 mile

April 15,1999

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban
800 0.7 0.2
900 0.7 0.3
1,000 038 0.3
1,500 10 04
2,000 12 04
2,500 12 04
3,000 15 0.5
4,000 18 0.6
5,000 20 0.7
7,500 22 0.7
10,000 25 0.8
15000 31 1.0
20000 3.6 1.2
25000 41 13
30000 44 14
40000 51 1.6
50000 58 18
75000 71 22
100000 8.2 25
150000 10 31
200000 12 3.5
10-18




Reference Table 24

Distancesto Toxic Endpoint for Chlorine

D Stability, Wind Speed 30 Meters per Secod

Release Rate Distance to Endpoint (miles) Release Rate Distance to Endpoint (miles)
(Ibs/min) (Ibs/min)
Rural Urban Rural Urban
1 <0.1* 750 12 04
<0.1*

2 01 800 12 0.5

5 01 900 12 0.5
10 0.2 01 1,000 13 0.5
15 0.2 01 1,500 16 0.6
20 0.2 01 2,000 18 0.6
30 03 01 2500 20 0.7
40 03 01 3,000 22 0.8
50 03 01 4,000 25 0.8
60 04 0.2 5,000 28 0.9
70 04 0.2 7,500 34 1.2
80 04 0.2 10,000 3.9 13
90 04 0.2 15000 46 1.6
100 05 0.2 20000 53 18
150 0.6 0.2 25000 59 2.0
200 0.6 0.3 30,000 64 21
250 0.7 0.3 40,000 73 24
300 038 0.3 50,000 81 2.7
400 0.8 04 75000 9.8 3.2
500 10 04 100000 11 3.6
600 10 04 150000 13 4.2
700 11 04 200000 15 48

* Report distarce as0.1 mile

April 15,1999
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Reference Table 5
Distancesto Toxic Endpoint for Sulfur Dioxide
D Stability, Wind Speed 30 Meters per Secod

Release Rate Distance to Endpoint (miles) Release Rate Distance to Endpoint (miles)
(Ibs/min) (Ibs/min)
Rural Urban Rural Urban
1 <0.1* 750 13 0.5
<0.1*

2 01 800 13 05

5 01 900 14 0.5
10 0.2 01 1,000 15 0.5
15 0.2 01 1,500 19 0.6
20 0.2 01 2,000 22 0.7
30 0.2 01 2500 23 0.8
40 03 01 3,000 2.7 0.8
50 03 01 4,000 31 1.0
60 04 0.2 5,000 3.3 11
70 04 0.2 7,500 40 13
80 04 0.2 10,000 46 14
90 04 0.2 15000 5.6 1.7
100 05 0.2 20000 6.5 1.9
150 0.6 0.2 25000 7.3 21
200 06 0.2 30,000 8.0 2.3
250 0.7 0.3 40,000 9.2 2.6
300 038 0.3 50000 10 29
400 0.9 04 75000 13 35
500 10 04 100000 14 40
600 11 04 150000 18 4.7
700 12 04 200000 20 54

* Report distance as 0.1 mile
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Rural Conditions, D Sability, Wind Speed 0 Metersper Secad

Reference Table 26
Neutrally Buoyarnt Plume Distances to Lower Flammability Limit (LFL)
For Release Rate Divided by LFL

Release Rate/Endpoint Distance to Release Rate/Endpoint Distance to
[(Tbs/min)/(mg/L)] Endpoint [(Tbs/min)/(mg/L)] Endpoint
(miles) (miles)
0-28 0.1 2,700 -3,300 0.9
28 -40 0.1 3,300 -3,900 10
40 -60 0.1 3,900 -4 500 11
60 -220 0.2 4,500 -5,200 12
220 -530 0.3 5,200 -5800 13
530 -860 04 5,800 -6,800 14
860 -1,300 0.5 6,800 -8,200 16
1,300 -1,700 0.6 8,200 -9,700 18
1,700 -2,200 0.7 9,700 -11000 20
2,200 -2,700 0.8 11000 -13000 2.2

Urban Conditions, D Sability, Wind Speed 3 Metersper Secad

Reference Table 27
Neutrally Buoyarnt Plume Distances to Lower Flammability Limit (LFL)
For Release Rate Divided by LFL

Release Rate/Endpoint Distance to Release Rate/Endpoint Distance to
[(I1bs/min)/(mg/L)] Endpoint [(I1bs/min)/(mg/L)] Endpoint
(miles) (miles)
0-68 0.1 5,500 -7,300 0.7
68 -100 0.1 7,300 -9,200 0.8
100 -150 0.1 9,200 -11000 0.9
150 -710 0.2 11000 -14000 10
710 -1500 0.3 14000 -18000 12
1,500 -2,600 04 18,000 -26000 14
2,600 -4000 0.5 26000 -31000 16
4,000 -5500 0.6 31000 -38000 18

April 15,1999
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Reference Table 28
Dense Gas Distances to Lower Flammability Limit
Rural Conditions, D Sability, Wind Speed 3 Metersper Secad

L ower Flammability Limit (mg/L)
Release
Rate 27 30 35 40 45 50 60 70 100 >100
(Ibs/min) Distance (Mile s)
<1,500 # # # # # # # # # #
1,500 <0.1 <0.1 # # # # # # # #
2,000 0.1 0.1 <0.1 # # # # # # #
2,500 0.1 0.1 0.1 <0.1 # # # # # #
3,000 0.1 0.1 0.1 0.1 <0.1 <0.1 # # # #
4,000 0.1 0.1 0.1 0.1 0.1 0.1 <0.1 # # #
5,000 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <0.1 # #
7,500 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <0.1 #
10,000 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <0.1

# < 0.1 mile (report distance as 0.1 mile)
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Reference Table 9
Dense Gas Distances to Lower Flammabilit y Limit
Urban Conditions, D Sability, Wind Speed 0 Metersper Secad

L ower Flammabilit y Limit (mg/L)
Release
Rate 27 30 35 40 >40
(Ibs/min) Distance (Mile s)
<5,000 # # # # #
5,000 <0.1 <0.1 # # #
7,500 0.1 0.1 <0.1 # #
10000 0.1 0.1 0.1 <0.1 #

# < 0.1 mile (report distance as 0.1 mile)
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Reference Table 3
Distance toRadiant Heat Dose at Potential Secad Degree Burn Threshold Assuming Exposure for Duration of Fireball from BLEV E
(Dose = [5 kW/m?]*® x Exposure Time)

Quantity in Fir eball (pounds) 1,000 5,000 10,000 20,000 30,000 50,000 75,000 100000 200000 300000 500000

Duration of Fireball (secords) 35 59 75 94 108 127 148 155 174 187 203

CAS No. Chemical Name Distance (miles) & which Exposure for Duration of Fireball May Cause Second Degree Burns
75-07-0 | Acetldehyde 0.04 0.08 0.1 0.1 0.2 0.2 0.3 0.3 04 0.5 0.6
74862 | Aceylene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
598732 [ Bromoatrifluoroethylene 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.1 0.1 0.2
10699-0 | 1,3-Butadene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
106978 | Butare 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
106989 | 1-Butene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
10701-7 | 2-Butene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
25167673 | Butene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
59018-1 [ 2-Butenecis 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
624646 | 2-Butenetrars 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
46358-1 | Carbon oxysifide 0.02 0.05 0.06 0.09 0.1 0.1 0.2 0.2 0.2 0.3 0.3
779121-1 | Chlorine monoxide 0.01 0.02 0.02 0.03 0.03 0.04 0.05 0.06 0.08 0.09 0.1
557982 [ 2-Chloropropylene 0.03 0.07 0.1 0.1 0.2 0.2 0.2 0.3 04 04 0.5
590216 [ 1-Chloropropylene 0.03 0.07 0.1 0.1 0.2 0.2 0.2 0.3 04 04 0.5
460195 | Cyanogen 0.03 0.07 0.1 0.1 0.2 0.2 0.2 0.3 04 04 0.5
75-194 | Cyclopropane 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
4109960 | Dichlorosilane 0.02 0.04 0.06 0.08 0.1 0.1 0.2 0.2 0.2 0.3 0.3
75-37-6 | Difluoroethane 0.02 0.05 0.07 0.1 0.1 0.1 0.2 0.2 0.3 0.3 04
12440-3 | Dimethylamine 0.04 0.09 0.1 0.2 0.2 0.3 0.3 04 0.5 05 0.7
46382-1 | 2,2-Dimethylpropane 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
74840 | Ethare 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 08
107006 | Ethyl actylene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
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Reference Table 3 (continued)

Quantity in Fir eball (pounds) 1,000 5,000 10,000 20,000 30,000 50,000 75,000 100000 200000 300000 500000
Duration of Fireball (secords) 35 59 75 94 108 127 148 155 174 187 203
CAS No. Chemical Name Distance (miles) & which Exposure for Duration of Fireball May Cause Second Degree Burns
7504-7 | Ethylamine 0.04 0.09 0.1 0.2 0.2 0.3 0.3 04 0.5 05 0.7
75003 | Ethyl chloride 0.03 0.07 0.09 0.1 0.2 0.2 0.2 0.3 0.3 04 0.5
7485-1 | Ethylene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
60-29-7 | Ethyl ether 0.04 0.09 0.1 0.2 0.2 0.2 0.3 0.3 0.5 0.5 0.7
7508-1 | Ethyl mercaptan 0.04 0.08 0.1 0.2 0.2 0.2 0.3 0.3 04 0.5 0.6
109955 | Ethyl nitrite 0.03 0.06 0.09 0.1 0.1 0.2 0.2 0.3 0.3 04 0.5
1333740 | Hydrogen 0.08 0.2 0.2 0.3 04 0.5 0.6 0.6 0.9 1.0 12
75285 | |sobutane 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
78-784 | Isopentare 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
78-795 | Isoprene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.7
75-31-0 | |sopropylamine 0.04 0.09 0.1 0.2 0.2 0.3 0.3 04 0.5 0.6 0.7
75-29-6 | |sopropyl chloride 0.04 0.07 0.1 0.1 0.2 0.2 0.3 0.3 04 04 0.5
74828 | Methane 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.6 0.6 0.8
74895 | Methylamine 0.04 0.08 0.1 0.2 0.2 0.2 0.3 0.3 04 05 0.6
56345-1 [ 3-Methyl-1-butene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
563462 | 2-Methyl-1-butene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.7
1154106 | Methyl ether 0.04 0.08 0.1 0.2 0.2 0.2 0.3 0.3 04 05 0.6
107313 | Methyl formate 0.03 0.06 0.08 0.1 0.1 0.2 0.2 0.2 0.3 04 04
1154117 | 2-Methylpropene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
504609 [ 1,3-Pentadiene 0.05 0.1 0.1 0.2 0.2 0.3 0.3 04 05 0.6 0.7
109660 | Pentane 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
109671 [ 1-Pentene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
646048 [ 2-Pentene, (E)- 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
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Reference Table 3 (continued)

Quantity in Fir eball (pounds) 1,000 5,000 10,000 20,000 30,000 50,000 75,000 100000 200000 300000 500000
Duration of Fireball (secords) 35 59 75 94 108 127 148 155 174 187 203
CAS No. Chemical Name Distance (miles) & which Exposure for Duration of Fireball May Cause Second Degree Burns
627203 [ 2-Pentene (2)- 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
463490 | Propadiene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 0.8
74986 | Propane 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
115071 | Propylene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
74-99-7 | Propyne 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.8
7803625 | Silane 0.05 0.1 0.1 0.2 0.2 0.3 04 04 0.5 0.6 0.7
116-14-3 | Tetrafluoroethylene 0.01 0.02 0.02 0.03 0.04 0.05 0.06 0.07 0.09 0.1 0.1
75-76-3 | Tetramethylsilane 0.05 0.1 0.1 0.2 0.2 0.3 0.3 04 0.5 0.6 0.7
10025782 | Trichlorosilane 001 0.03 0.04 0.06 0.07 0.08 0.1 0.1 0.2 0.2 0.2
79-38-9 | Trifluorochloroethylene 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.1 0.1 0.2
75503 | Trimethylanine 0.04 0.09 0.1 0.2 0.2 0.3 0.3 04 0.5 0.6 0.7
689974 | Vinyl actylene 0.05 0.1 0.1 0.2 0.2 0.3 04 04 05 0.6 08
75014 | Vinyl chloride 0.03 0.07 0.09 0.1 0.2 0.2 0.2 0.3 0.3 04 0.5
109922 | Vinyl ethyl ether 0.04 0.09 0.1 0.2 0.2 0.2 0.3 0.3 04 05 0.6
75025 | Vinyl fluoride 001 0.02 0.03 0.04 0.05 0.06 0.08 0.09 0.1 0.1 0.2
75354 | Vinylidene chloride 0.02 0.05 0.07 0.09 0.1 0.1 0.2 0.2 03 0.3 04
75387 | Vinylidenefluoride 0.02 0.05 0.07 0.09 0.1 0.1 0.2 0.2 03 0.3 04
107255 | Vinyl methyl ether 0.04 0.08 0.1 0.2 0.2 0.2 0.3 0.3 04 0.5 0.6
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11 ESTIM ATING OFFSITE RECEPTORS

In Chapter 11

. How to egimate the rumber of offsite receptors potertially affectedby your
worst-ca® ard altemnative <erarios.

. Where to find thedaa you nexd.

Therule requires that you estimate residential populations within the circle defined by the endpoint
for your worst-case and dternative release scenarios. In addition, you nust report in the RMP whether
certain types of public receptors and environmental receptors are within the circles.

To estimate residential populations, you may use the most recer Census data or any other source d
datathat you believe is more accurate. Local authorities may be able to provideinformation on ofsite
receptors. You are notrequired to update Census daa or condud any surveys to develop your estimates.
Census data areavailable in public libraries ard in the LandView system, which is available on (D-ROM
(see box below). The rule requires that you estimate populationsto two dgnificant digits. For example, if
there are 1,260 p@ple within the dircle, you may report 1,300 peple. If the numbe of peopleis beween 10
and 100, estimate to the nearest 10. If the numbe of peopleis less than 10, providethe actual nurrber.

How to obtain Census dda and LandView

Censusdaa can be found in blications of the Bureau of the Cenaus, available in public libraries, including
County and Gty Data Book

LandView ®IIl i s adesktop mapping g/stem that includes database extracts from EPA, the Bureau of the Census
the U.S. Geological Survey, the Nuclear Regulatory Conmmission, the Department of Transportation, and the
Federal Emergency Management Agency. These daabases are presented in ageographic context on nmeps tha
show jurisdictiond boundaies, detailed ndworks of roads, rivers, and railr oads, census block group and tract
polygons schools hogitals, churches, cemeteries, airports, dams, and othe landmerk features.

CD-ROM for IBM-conpatible PCS
CD-TGR95-LV3-KIT $99 pe disc (byregion) or $549 br 11 dsc st

U.S. Department of Commerce

Bureau of the Census

P.O.Box 277943

Atlanta, GA 30384-7943

Phone 301-457-4100 (Gstomer Services -- orders)
Fax: (888) 249-7295 ({I-free)

Fax: (301) 457-3842 @ca)

Phone (301) 457-1128 (@graphy Staff -- content)
http://www.census.gov/ftp/pub/geo/wwwitiger/

Furthe information on LandView and othe sources of Census daa is available a the Bureau of the Census web
Site & Www.census.gov.
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Censusdaa are presented by Censustract. If your drcle covers only aportion of the tract, you
should derdlop an estimate for that portion. The easiest way to do tis is to deermine the population densty
per square mile (total population of the Censustract divided by the nunber of square miles in the tract) and
apply that densty figure to the nurrber of square miles within your circle. Because thereis likely to be
condderable variation in actual densties within aCensustract, this nurrber will be approximate. Therule,
however, does not require you o correct the nurrber.

Other public receptors must be noted in the RMP. If there areary schools residences, hospitals,
prisons public recreationd areas, or commecial, office,or indugrial areas within the drcle, you nrust report
that. Any of these locationsinhabited or occupied by the public at any time without restriction by the source
is apublic receptor. You ae notrequired to develop alist of all institutions and aeas; you rmust simply
check off which types of receptors are within the circle. Most of these institutions or areas can be identified
from local street maps. Recreationd areas indude public swimming pools, public parks, and ohe areas that
are usd for recreationd activities (e.g., baseball fields). Commercial and indusdrial areas indude shopping
malls, srip malls, downtown business areas, indugrial parks, e€c. See EPA’s General Guidance for Risk
Management Programs (40 CFR part 68)for further information on identifying public recepors.

Environmental receptors are defined as naiond or state parks, forests,or monuments; dficially
designaed wildlif e sanctuaries, preserves, or refuges; and Federal wilderness areas. All of these can be
identified on lo@l U.S. Geological Survey (USGS) maps (see box below). You ae not required to locate
each of these specifically. You ae only required to check off in the RMP that these specific types of areasare
within the drcle. If any part of oneof these receptors is within your drcles, you must note that in the RMP.

Important: The rule does not require you o assess the likelihood, type, or severity of potential

impacts on éther public or environmental receptors. Identifying them as within the dircle simply indicates
that they could be advesdy affecied by the release.
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How to abtain USGS naps

The produdion of digital cartographic data and graphic maps comprises the largest component of the USGS
Nationd Mapping Rogram. The USGSs most familiar produd is the 1:24,000-<ale Topographic Quadrangle
Map. Thisisthe primary scale ¢ data produced ard depicts greaterdetail for a snaller area ttan
intermediate-scale (1:50,000 and 1:100000) and small-scale (1:250000,1:2,000000 a smaler) produds, which
show slectivelyless detail br larger areas

U.S. Geologica Survey
508 Naional Center

12201 $inrise Valley Drive
Reston, VA 20192

Phone (703) 648-4000
http://mapping.ugsgov

To order USGS maps by fax, select, print, and complete one of the online forms and fax to 303-202-4693.
A list of the nearest commercial dedlersis available & http://mapping.ugsgov/esic/lus mage/dedlers.html
For more information or ordering assistance, call 1-800-HELP-MAP, or write:

USGS Information Sevices

Box 25286
Denver, CO 80225

For additional information, contact any USGS Earth Science Information Center or call 1-800-U\-MAPS.
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12 SUBMITTING OFFSITE CONSEQUENCE ANALYSIS
INFORMATI ON FOR RISK MANAGEM ENT PLAN

In Chapter 12

. 12.1 Information you are requiredto submit for worst-cas scerarios for toxic
substarces

. 12.2 Information you ae required to sibmit for altemative £enaios for toxic
substarces

. 12.3 Information you are requiredto submit for worst-cas cerarios for

flammable substarces

. 12.4 Information you ae required to sibmit for altemative £enaios for
flammable sibstarces

For the offsite consequence aralysis (OCA) component of the RMP you must provideinformation on
your worst-case and dternative release scenario(s) for toxic and flammable regulated chemicals hdd above
the threshold quantity. The requiremerts for what information you must submit differ if your source has
Program1, Pragram 2, or Pragram 3 processes.

If your source has Program 1 processes, you nust submit information on aworst-case release
scerario for each Program 1 process. If your saurce has Rrogram 2 o Program 3 processes, you must
provideinformation ononeworst-case release for al toxic regulated substances present above the threshold
quantity and one worst-case release scenario for al flammable regulated substances present above the
threshold quantity. You may need to submit an additiond worst-case scenario if aworst-case release from
anothe part of the source would potentially affect public receptors different from those potentially affected
by the initial worst-case scenario(s) for flammable and toxic regulated substances.

In addition to aworst-case release scenario, sources with Program 2 and Rrogram 3 processes must
also provideinformation on dternative release scenarios. Alternaive releases are releases that could ocur,
othe than the worst-case, that may result in concentrations, ovepressures, or radiant heat that reach
endpoints offsite. You nust present information on onedternative release scenario for each regulated toxic
substance, including the substance used for the worst-casere ease, held above the threshold quantity and one
alternative release senario to represent al flammable substances held above the threshold quantity. The
types of doaumentation to submit are presented below for worst-case scenarios involving toxic substaices,
aternative scenarios involving toxic substances, worst-casesanarios involving flammable substances, and
aternative scenarios involving flammable substances.

121 RMP Data Required for Worst-Case Scenarios for Toxic Subgances

For worst-case scenarios involving toxic substances, you will have to submit the following
information. See the RMP*Submit User Manual for complete instructions.

. Chemicd name;
. Percentage weight of the regulated liquid toxic substance (if present in a mixture);
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122

Physical state of the chemical released (gas, liquid, refrigerated gas, gas liquefied by
pressue);

Modd used (OCA or indudry-specific guidance reference tables or modding; name of other
modd used);

Scenario (gas release or liquid spill and vaorization);

Quantity released (pound9;

Release rate (poundsper minute);

Duration of reease (minutes) (10 minutes for gases; if you usd OCA guidance for liquids,
indicate @ther 10 or 60 minutes);

Wind speed (meters per second) and gahility dass (1.5 meters per second and F stability
unless you @n show higha minimumwind speed or less stable amosphere a al times
during the last three years);

Topography (rural or urban);

Distance to endpoint (miles, roundel to two dgnificant digits);

Population within digance to endpoint (residential population roundel to two sgnificant
digits);

Public receptors within the distance to endpoint (schools residences, hospitals, prisons
recreation areas, commecial, office a indudrial areas);

Environmental receptors within the distance to endpoint (nationd or state parks, forests,or
monuments; dficially designaed wildlif e sanctuaries, preserves, or refuges; Federa
wilderness areas); and

Passive mitigation measures conddered (dikes, enclosures, berms, drains, sumps, other).

RMP Data Required for Alternative Saenarios for Toxic Subgances

For dternative scenarios involving toxic substances held above the threshold quantity in a Program 2
or Program 3 proacess, you will have to submit the following information. See the Risk Managemert Plan
Data Elements Guidefor complete instructions.

April 12,1999

Chemicd name;

Percentage weight of the regulated liquid toxic substance (if present in a mixture);

Physical state of the chemical released (gas, liquid, refrigerated gas, gas liquefied by
pressue);

Modd used (OCA or indudry-specific guidance reference tables or modding; name of other
modd used);

Scenario (transfer hose failure, pipe leak, vessd leak, oveafilling, rupture disk/relief valve,
excess flow vave, othe);

Quantity released (pound9;

Release rate (poundsper minute);

Duration of release (minutes) (if you usd OCA guidance, indicate ether 10 or 60 minutes);
Wind speed (meters per second) and gability dass (3.0 meters per second and D gahilit y if
you ue OCA guidance, otherwise use typical meteorological conditions a your site);
Topography (rural or urban);

Distance to endpoint (miles, roundel to two dgnificant digits);

Population within disance to endpoint (residential population roundel to two sgnificant
digits);
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123

Public receptors within the distance to endpoint (schools residences, hospitals, prisons
recreation areas, commecial, office,or indugrial areas);

Environmental receptors within the distance to endpoint (nationd or state parks, forests,or
monuments; dficially designaed wildlif e sanctuaries, preserves, or refuges; Federal
wilderness areas);

Passive mitigation measures consdered (dikes, enclosures, berms, drains, sumps, othe); and
Active mitigation measures consdered (sprinkler system, dduge system, water curtain,
neutralization, excess flow valve, flares, scrubbers, emegency shutdown system, other).

RMP Data Required for Worst-Case Senarios for Flammable Subdances

For worst-case scenarios involving flammable substances, you will have to submit the following
information. See the Risk Managemen Plan Data Elemerts Guidefor complete instrudions.

124

Chemicd name;

Modd used (OCA or indudry-specific guidance reference tables or modding; name of other
modd used);

Scenario (vapor doud eplosion);

Quantity released (pound9;

Endpoint used (for vapor doud eplosionsuse 1 psi);

Distance to endpoint (miles, roundel to two dgnificant digits);

Population within disance to endpoint (residential population roundel to two sgnificant
digits);

Public receptors within the distance to endpoint (schools residences, hospitals, prisons
recreation areas, commecial, office,or indudrial areas);

Environmental receptors within the distance to endpoint (nationd or state parks, forests,or
monunents, officially designated wildlif e sanctuaries, preserves, or refuges, Fedeal
wilderness areas); and

Passive mitigation measures conddered (blast walls, other).

RMP Data Required for Alternative Saenarios for Flammable Subgances

For dternative scenarios involving flammable substances held above the threshold quantity in a
Program 2 or Program 3 process, you will have to submit the following information. See the Risk
Managemen Plan Data Elemerts Guidefor complete instrudions.

April 12,1999

Chemicd name;

Modd used (OCA or indudry-specific guidance reference tables or modding; name of other
modd used);

Scenario (vapor doud explosion, fireball, BLEVE, pool fire, jet fire, vgpor doud fire, othe);
Quantity released (pound9;

Endpoint used (for vapor doud explosions, the endpoint is 1 psi overpressure; for afireball
the endpoint is 5 kw/m? for 40 seconds A lower flammability limit (expressed as a
percentage) may be listed as specified in NFPA doaments or other gengrally recognized
sources; these are listed in the OCA Guidance);

Distance to endpoint (miles, roundel to two dgnificant digits);
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Population within digance to endpoint (residential population roundel to two sgnificant
digits);

Public receptors within the distance to endpoint (schools residences, hospitals, prisons
recreation areas, commecial, office,or indugrial areas);

Environmental receptors within the distance to endpoint (nationd or state parks, forests,or
monunents, officially designated wildlif e sanctuaries, preserves, or refuges, Fedeal
wilderness areas);

Passive mitigation measures conddered (e.g., dikes, fire walls, blast walls, enclosures,
other); ard

Active mitigation measures conddered (e.g., grinkler system, dduge system, water curtain,

excess flow valve, other).

125 Submitting RMPs

EPA'’ s automated tool for submitting RMPs RMP*Submit is available free from the EPCRA hotline
(on dik) or can be downloaded from www.epa.goviceppo/. The RMP*Subnit User’s Manual provides
detailed ingrudionsfor each daa demert. RMP*Submit does the following:

Provides a user-friendly, PC-tased RMP Sipbmission System available on dikettes and via
the Internet,

Uses a standards-based, open systans architecture soprivate companies @an create
compatible software ard

Performs daa quality checks, accept limited graphics, and rovide ondine hdp induding
defining daa demerts and providing ingrucions.

The software runson Windovs 3.1 and ébove There will not be aDOS or MAC version.

If you ae unable to submit dectronically for any reason, jus fill out the Electronic Waiver form
availablein the RMP*Subnit User’s Manualard send it in with your RMP. Se=the RMP*Subnit User’s
Manualfor more information on he Electronic Waiver.

126 Other Required Documentation

Besides the information you ae required to submit in your RMP, you must maintain other records of
your offsite consequence analysis on ste. Unde 40 CFR .39, you must maintain the following records:

April 12,1999

For worst-case scenarios, adescription of the vessd or pipedline and substaice sdected as the
worst case, the assumptions and parameters used, and the rationde for sdlection.
Assumptionsindude any administrative controls and any passive mitigation systems that
were used to limit the quantity that could ke released. You must doaument that anticipated
effects of these controls and g/stems on the release quantity and rate.

For dternative release scenarios, adescription of the scenarios identified, the assumptions
and parameters used, and the rationde for sdection of the specific scenarios. Assumptions
include any administrative controls and any passive mitigation systems that were used to
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limit the quantity that could bereleased. You nmust doaument that anticipated efects of
these controls and g/stems on the release quantity and rate.

. Documentation of estimated quantity released, release rate, and dugtion of the release.
. Methodologyused to daermine distance to an endpoint.
. Data used to estimate populations and environmental receptors potentially affected

You ae required to maintain these records for five years.
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