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CalARP Hazard Assessment
• 5-Year Accident History
• Offsite Consequence Analysis (OCA)

– Worst-case and alternative release scenarios
– Offsite impacts to public and environment
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CalARP Offsite Consequence Analysis
Agenda
• Applicability
• Parameters
• Worst-case and Alternative Scenarios
• Modeling Software and Examples

– RMP*Comp, ALOHA and Marplot
– Toxic gases, liquids and solids
– Flammable substances
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Poll Question 1
What would you like to learn 
most about in this session?



Applicability

CalARP Level 
1

Hazard 
Assessment

Covered Process

Stationary 
Source

Regulated 
Substance

Threshold 
Quantity 

(TQ)
Process

Compare 
to CalOSHA 

TQ

CalARP 
Level 3

CalARP 
Level 2

CalARP 
Level 4
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Applicability
Program Level 1 (no offsite impacts)
• Prepare one worst-case release scenario
• Report the 5-year accident history
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Applicability
Program Level 1 (no offsite impacts)
• Prepare one worst-case release scenario
• Report the 5-year accident history

0.1 mile
0 Population

0.1 mile
160 Population
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Poll Question 2
Would this facility have offsite 
impacts with one or both worst-
case releases?
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Offsite Definition
19 CCR § 2735.3(rr)

“Offsite” means areas beyond the property boundary 
of the stationary source, and areas within the 
property boundary to which the public has routine 
and unrestricted access during or outside business 
hours.
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Applicability
Program Level 2, 3 or 4
• Prepare at least one worst-case release scenario

– Greatest distance to endpoint for substances
– If different public receptors are affected for both flammable 

and toxic processes, report additional worst-case 

• Prepare alternative release scenarios for each 
process for toxic substances

• Prepare one alternative release for flammables
• Report the 5-year accident history
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Toxic Endpoints
Toxic Endpoints (listed in Appendix A of CCR, Title 19, Division 
2, Chapter 4.5)

 Ammonia: 0.14 mg/L
 Chlorine: 0.0087 mg/L
 Nitric Acid: 0.026 mg/L
 Sulfur Dioxide: 0.0078 mg/L
 Paraquat dichloride: 0.0005 mg/L
 Acrolein [2-Propenal]: 0.0011 mg/L
 

https://govt.westlaw.com/calregs/Document/I2D41AD305BE511EC98C8000D3A7C4BC3?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)
https://govt.westlaw.com/calregs/Document/I2D41AD305BE511EC98C8000D3A7C4BC3?viewType=FullText&originationContext=documenttoc&transitionType=CategoryPageItem&contextData=(sc.Default)
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Toxic Endpoints
Ammonia mg/L to PPM conversion

Endpoint (ppm) = [𝐸𝐸𝑛𝑛𝑑𝑑𝑝𝑝𝑜𝑜𝑖𝑖𝑛𝑛𝑡𝑡 (𝑚𝑚𝑔𝑔/𝐿𝐿)𝑥𝑥 1000 𝑥𝑥 24.5] 
   [𝑀𝑀𝑜𝑜𝑙𝑙𝑒𝑒𝑐𝑐𝑢𝑢𝑙𝑙𝑎𝑎𝑟𝑟 𝑊𝑊𝑒𝑒𝑖𝑖𝑔𝑔ℎ𝑡𝑡]

 201 ppm = (0.14 𝑚𝑚𝑔𝑔/𝐿𝐿 𝑥𝑥 1000 𝑥𝑥 24.5)
    17.03
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Flammable Endpoints
• Overpressure of 1 pound per square inch (psi) for 

vapor cloud explosions.
• Radiant heat/exposure time. A radiant heat of 5 

kw/m2 for 40 seconds.
• Lower flammability limit. A lower flammability 

limit as provided in NFPA documents or other 
generally recognized sources.
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Worst-case Release Parameters
Quantity released
• Greatest amount held in single vessel or pipe
• Administrative controls (procedures limiting quantity)
Weather conditions
• F atmospheric stability
• 1.5 meters/second wind speed
• Highest daily maximum temperature within 3 years (liquids)
Release height
• Ground level release (0 feet)
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Worst-case Release Parameters
Duration of release
• 10 minutes for gases
• Instantaneous spill and volatilization for liquids and refrigerated 

gases handled as liquid
• One hour for toxic solids
Substance temperature
• Refrigerated liquids at boiling point
• Account for toxic liquid temperature in scenario
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Worst-case Release Parameters
Passive mitigation must be able to withstand the 
release event and remain functional
• Building enclosure
• Containment dike
Surface Roughness
• Urban: Many obstacles in the immediate area
• Rural: Flat, unobstructed
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Worst-case Release Parameters
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Poll Question 3
Would you select urban or rural 
surface roughness?
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Worst-case Release Selection
Stationary source with multiple processes or parameters:
• Assess worst-case scenario for the processes with the greatest 

quantity in a vessel or pipe
• Assess other scenarios with a higher pressure or temperature 
• Assess additional scenarios closer the fence line. 

Select the worst-case with the greatest distance to toxic 
endpoint beyond the stationary source boundary. 
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Alternative Release Parameters
Toxic Substances
• Analyze at least one alternative release scenario for each 

regulated substance

Flammable Substances
• One alternative to represent flammable substance 

processes.
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Alternative Release Parameters
Scenario selection:
• More likely to occur than the worst-case scenario
• Reach an endpoint offsite, unless no such scenario exists
• Reach a public receptor, unless no such scenario exists
Factors in selecting the scenario:
• Five-year accident history
• Accidents / incidents in related industry
• Failure scenarios identified in the Hazard Review or Process 

Hazard Analysis
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Alternative Release Parameters
Mitigation
• Active: Emergency shut down systems, transfer or deluge
• Passive: Building enclosure, containment berms, 
Weather conditions
• Typical conditions may be used
Surface Roughness
• Urban: Many obstacles in the immediate area
• Rural: Flat, unobstructed
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Offsite Impacts
Public
• Estimate the population with recent census data (2010 

currently available in Marplot)
• 2 significant digits
• Note the presence of public institutions in the RMP

Public receptors:
• Schools, childcare facilities, hospitals, long term health care 

facilities, prisons, parks, recreational areas and major 
commercial, office or industrial buildings. 
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Definitions
19 CCR § 2735.3(ww)

“Population” means the public
19 CCR § 2735.3(eee)

“Public” means any person except employees or contractors at 
the stationary source.
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Offsite Impacts
Environmental
• List environmental receptors within the distance to 

endpoint.

Environmental receptors:
• National or state parks, forests, or monuments; officially 

designated wildlife sanctuaries, preserves, refuges, or areas; 
and Federal wilderness areas
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Offsite Consequence Analysis Updates
Update Requirements
• Every five years, or
• When a process change increases or decreases the distance 

to toxic endpoint by a factor of 2 or more
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Poll Question 4
What else is required if the worst-
case distance to endpoint decreases 
by a factor of two or more?
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Documentation
Worst-case and Alternative
• Description of scenario (vessel, pipe and substance)
• Assumptions, parameters used and rationale

– Administrative controls and any passive mitigation
– Effect of the controls and mitigation on the release quantity and rate

Estimate quantity released, release rate and duration
Methodology and model used for distance to endpoint
Data used for estimating public and 
environmental receptors
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Examples
RMP*Comp

ALOHA

Marplot

https://cdxapps.epa.gov/olem-rmp-maintain/action/rmp-comp/home
https://www.epa.gov/cameo/aloha-software
https://www.epa.gov/cameo/marplot-software
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Example 1
Worst-case release from a biomass plant with a 
selective catalytic reduction process that contains up 
to 51,000 pounds of ammonia. 

largest vessel
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Example 1
Worst-case release scenario
Quantity: 51,000 pounds contained within one 
storage vessel.
Physical state: Liquified under pressure
Terrain: Rural, open area with few obstructions
Mitigation: None, located outside
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Example 1
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Example 1
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Example 1

Same scenario in ALOHA is greater than 6 miles



26th California Unified Program
Annual Training Conference

February 26-29, 2024

Example 1
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Example 1

Wind
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Example 1

Wind



Report the public receptor types with the distance to 
toxic endpoint. 

A list of public receptors is
not required.
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Example 1
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RMP*Comp
• Provides the distance to endpoint results from 

simple generalized calculations
• Follows Risk Management Program Guidance For 

Offsite Consequence Analysis
• Provides results in 0.1 mile increments up to 25 

miles
• Weather conditions are not adjustable
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Example 2
Worst-case release from a water treatment facility 
that stores up to 3,200 gallons of 19% aqueous 
ammonia. The storage tank is within a containment 
dike of 600 square feet.

The process contains approximately 
4,700 pounds of ammonia. Model the
instantaneous spill and volatilization.
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Example 2 – RMP*Comp
Worst-case release scenario
Quantity: 3,200 gallons of 20-percent aqueous 
ammonia in a storage tank.
Physical state: Liquid
Temperature of liquid: 109 °F
Terrain: Rural, open area with few obstructions.
Mitigation: None, located outside.
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Example 2 – RMP*Comp
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Example 2 – RMP*Comp
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Example 2 – ALOHA
Worst-case release scenario
Quantity: 3,200 gallons of 19-percent aqueous 
ammonia in a storage tank
Physical state: Liquid
Air and liquid temperature: 109 °F
Terrain: Open country (Rural)
Mitigation: 600 square foot containment
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Example 2 - ALOHA
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Example 2 - ALOHA
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Example 2 - ALOHA
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Example 2 - ALOHA
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Example 2 - ALOHA
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Example 2 - ALOHA
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Example 2 - ALOHA

853 yards = 0.48 miles
RMP*Comp estimate was 1.2 miles 
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Example 2 - ALOHA

Release rate:
ALOHA      26.7 pounds/minute
RMP*Comp 489 pounds/minute
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ALOHA
Allows for greater detail than RMP*Comp
• Weather conditions are editable
• Substance and containment release details
• Models a changing release rate over time
• Maximum distance is 6 miles
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Example 3
Alternative release of chlorine from a 5/16” (0.3125) diameter 
hole at 150 psig assumed 25 °C tank temperature.

𝑄𝑄𝑄𝑄 = 𝐻𝐻𝐻𝐻 𝑥𝑥 𝑃𝑃𝑃𝑃 𝑥𝑥
1
𝑇𝑇𝑡𝑡

 𝑥𝑥 𝐺𝐺𝐺𝐺
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Example 3
Alternative release of chlorine from a 5/16” (0.3125) diameter 
hole at 150 psig assumed 25 °C tank temperature.

𝑄𝑄𝑄𝑄 = 𝐻𝐻𝐻𝐻 𝑥𝑥 𝑃𝑃𝑃𝑃 𝑥𝑥
1
𝑇𝑇𝑡𝑡

 𝑥𝑥 𝐺𝐺𝐺𝐺

6.64
𝑙𝑙𝑙𝑙𝑙𝑙

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
= 0.024 𝑥𝑥 164.7 𝑥𝑥

1
298

 𝑥𝑥 29

399 pounds = 6.65 lbs./minute x 60 minutes
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Example 3
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Poll Question 5
Have you reviewed or prepared 
worst-case releases for toxic 
solids?
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Example 4
Worst-case scenario for toxic solids
5-pound bag of 70-percent phosmet pesticide (Imidan 70-W)

EPA emission factor 20 pounds/ton (1-percent) for industrial pigment 
mixing from weighing, mixing, grinding, tinting, thinning, and 
packaging.

Bag falls off a shelf and forms a 0.2672 ft3 pile.
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Example 4
Release from largest container based on emission factor 
QR = EF x (LC x CS) x M 

QR = Quantity Released
EF = Emission Factor
LC = Largest Container
CS = Concentration of Substance
M = Mitigation Release Inside Building

0.01925 pounds = 0.01 x ( 5 pounds x 0.70-percent) x 0.55



Use Screen3 for dispersion modeling to find distance 
to endpoint

26th California Unified Program
Annual Training Conference

February 26-29, 2024

Example 4
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Example 4



26th California Unified Program
Annual Training Conference

February 26-29, 2024

Example 4
Use Screen3 for dispersion modeling to find distance to endpoint

Phosmet toxic endpoint 0.00054 mg/l
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Example 4
Worst-case release without known emission factor.  

ARF = 0.1064 x (MO
0.125) x (H2.37)

                                PBP

 ARF = airborne release fraction
 MO = mass of powder spilled (kg)
 H = Spill height (m)
 PBP = bulk density of powder (kg/m3)

Source:
DOE-HDBK-3010-94
4.4.3.1.3 Free-Fall Spill of 
Powder Model 4-81

https://www.nrc.gov/docs/ML1307/ML13078A031.pdf
https://www.nrc.gov/docs/ML1307/ML13078A031.pdf
https://www.nrc.gov/docs/ML1307/ML13078A031.pdf
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Example 4
5-pound bag of Imidan 70-W with a density of 240 
kg/m3 falls from a 1.5-meter-high shelf. 

ARF = 0.1064 x (MO
0.125 x H2.37)

                                        PBP
1.02

0.001151 = 0.1064 (2.270.125 x 1.52.37)
             2401.02

0.001151 = 0.1064 (1.17 x 2.61)
             267.8
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Example 4
Release based on calculated airborne release fraction
QR = ARF x (LC x CS) x M
0.002215 = 0.001151 x (5-pounds x 0.70) x 0.55

0.002215 pounds/60 minutes 
= 3.69x10-5 pounds/minute 
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Example 4
Toxic endpoint of 0.00054 mg/l 
Release rate 3.69x10-5 pounds/minute

https://www.epa.gov/sites/default/files/2013-08/documents/technical_guidance_for_hazard_analysis.pdf
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Example 4
2.5-mile distance to toxic endpoint at 1 pound/minute from 
Exhibit 3-1 

Vast overestimate of with release rate increased to 1 
pound/minute from 3.69x10-5 pounds/minute.

Air modeling for solids takes more effort than other substance 
types. Worst-case releases of solids typically don’t result in offsite 
impacts.
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Example 5
Worst-case flammable release
50,000 pounds of propane liquefied under pressure



26th California Unified Program
Annual Training Conference

February 26-29, 2024

Example 5
50,000 pounds of propane liquefied under pressure
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Questions?
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Thank you

Contact Information:
Jack Becker

Compliance Services Manager,
Condor Earth

(209) 454-7394
jbecker@condorearth.com
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