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Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum Company

Explosion and Fire

Pasadena, Texas

October 23, 1989  

This is an illustrative example and does not reflect a thorough or complete study.
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Case Study – Phillips Petroleum

Hazard Identification and Risk Analysis (HIRA) Study

Begin by Identifying the Equipment or Activity. RAST uses the operation of a specific equipment item

containing a specific chemical or chemical mixture to define the activity. Entries include chemical data,

equipment design information, operating conditions, and plant layout.
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Case Study – Phillips Petroleum

Process Description

High-density polyethylene (HDPE) production occurred

inside two process units at the site (Plant 4 and Plant 5).

The process circulated through an arrangement of 30-inch

diameter pipes mounted vertically in 150-foot tall,

continuous, ring-like structures called “loop” reactors. Six

loop reactors were operating in Plant 5. The loop reactors

contained the catalytic reaction process that manufactured

HDPE, starting with diluting ethylene in an isobutane

solvent feed.
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Case Study – Phillips Petroleum

Process Description

Hydrogen and hexene were also added to

adjust final product qualities for a specified

product. Thus, the gas mixture in the loop

reactor was flammable and easily ignitable,

especially at the reaction’s operating

conditions: 600 psi (4,100 kPa) and

180°F–230°F (82°C–110°C). The catalyst

accelerated the conversion rate of ethylene

monomer polymerization into the larger

and heavier HDPE molecules. As the

reaction product gained mass in the loop

reactor, it eventually became heavy

enough to drop out of the circulating

reaction mixture through settling legs at the

bottom of one of the loops.

The Process Conditions for the Loop Reactor

150 ft.. tall 600 psi

200 °F30” Diameter

Mass Fraction Feed

Ethylene (0.060)

Isobutane (0.930)

Hydrogen (0.0001)

Hexene (0.010)

8” Ball Valves (6)
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Below the settling leg was a

takeoff valve where the fluff

would pass on its way into the

flash tank. The settling legs

were the interface between the

high-pressure (loop reactor)

and low-pressure (flash tank)

process sections. The intent of

loop reactor operation was to

deliver polyethylene fluff into

the flash tank, where it was

removed and later pelletized.

Case Study – Phillips Petroleum

Process Description

Six settling legs were attached to the bottom of each loop reactor. Each settling leg consisted of a flanged, 8-inch

diameter pipe connected to an air-operated, tight-shutoff, 8-inch ball valve. Beyond this ball valve was an 8-foot length

run of straight pipe where the reaction product called polyethylene “fluff,” collected. The 8-inch ball valves were to remain

open during production. This configuration allowed polyethylene fluff to drop into the settling legs.

Select from pull-down menus
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Enter Equipment Identification, 

Equipment Type and Location

Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

On the Main Menu worksheet, enter the equipment identification as the Loop Reactor, equipment type as 

Reactor and location as Outdoors.
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Incomplete minimum data entered 

(none at this point), RAST will not run
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Select from:

Chemical Data

Equipment Parameters

Process Conditions

Plant Layout

Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

On the Main Menu worksheet, select the Input 

Information buttons to add the minimum data for 

RAST to run its calculations.
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Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

Select Ethylene 

from pull-down list

On the Chemical Data worksheet, select Ethylene as “Key Chemical



2022-03-25

5

Slide - 9

Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

Saturation temperature 

entered as Operating 

Temperature

The representative composition 

used (weight fraction):

0.060 ethylene

0.930 isobutane 

0.0001 hydrogen

0.0099 hexene

The operating pressure is 600 psig 

and the operating temperature is 

200 F such that the physical state 

is “liquid” (essentially a boiling 

liquid inside the loop reactor).

The operating pressure 

entered as an “average” 

within the reactor

On the Chemical Data worksheet, enter the chemical mixture that 

represents the hazards of the reactor’s contents.  

Change units using 

Pull-down menus

Feed Wt. Fraction 

must sum to 1.0

Select other chemicals 

from pull-down list
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Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

On the Chemical Data worksheet: 

Save all input to 

Equipment Table
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The Loop Reactor consists of four 30 in

diameter loops 150 ft. tall. It has a total

volume of roughly 3,240 cu. ft., a

maximum allowable working pressure

near 660 psig, pipe (“nozzle”) diameter

of 8 in., an estimated wetted surface

area of 2590 sq. ft., an estimated

elevation from take-off valve to surface

(ground) of 20 ft.., and the “drain valve”

diameter of 8 in (the take-off valve

diameter).

Enter the equipment parameters on 

Equipment Data worksheet.

Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

Change units using 

Pull-down menus

The estimated equipment 

volume and estimated 

maximum allowable 

working pressure (MAWP)

Settling leg and ball valve 

diameter of 8 inches 
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Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

Assume an ambient 

temperature of 70 F.

Since the contents of the 

loop reactor are at 600 psi, 

use the reported ~2 min 

release duration and a 

zero lb./min feed rate 

(deinventoried before more 

feed entered).

The percent of operating 

time is > 10% and there 

are frequent Cleanouts to 

remove settling leg logs.

Enter the operating 

conditions on the Process 

Conditions worksheet.

Changed Inventory 

Limit to Lb units.

Maximum Feed 

Rate of 0 Lb/min
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Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

On the Plant Layout worksheet, 

data entered is based on ~300 ft. 

and population density of 0.0035 

people/m^2 in the immediate, 

highly congested area at the time 

of the incident. The Development 

Reactor building, made of typical 

construction, is ~250 ft. away and 

contains 1 Person.

The administration building is one 

half mile (2,620 ft.) away and 

contains 40 People.

Change units using 

Pull-down menus
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All Min. Inputs satisfied.

Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

At this point, every “Minimum 

Input” box on the Main Menu 

should be filled in (“green”)

Input data sufficient to 

proceed with analysis
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Save Inputs to Equipment Table

Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

For Loop Reactor, “OK”
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Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

The Equipment worksheet will open. All Input Information will be stored in the Equipment Table in a single row 

identified by a unique Equipment Identification or Tag. 

Input Data for an Equipment Item 

stored in one row by Equipment Tag

Loop Reactor is the 

“Equipment Loaded” 

Click on “Load Selected”
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Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

Screenshot of Scenario List suggested by the potential scenarios in the  RAST Library. 

Focus on the “Loss Event” column ”Drain or Vent Leak.”

Select “Yes” for 

Further Analysis 

This suggested scenario 

applies to this case study

Then “Save to 

Equipment Table”
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Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

Once saved to Equipment Table, return to Main Menu for results by selecting 

Equipment Input, then Main Menu.

Select Main Menu

Select Equipment Input
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Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

From the Main Menu worksheet:

Evaluated Hazards and 

Consequences

Slide - 20

Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

From the Consequence Summary worksheet 

(scroll down).

For the Loop Reactor, select Full Bore Pipe or 

Nozzle Leak as the Loss Event drop down 

menu. Note that a Vapor Cloud Explosion was 

listed as a potential Incident Outcome with 

RAST’s maximum value at 2.4 x 107 kcal.

Explosion Summary:

With the release point at the bottom of the 

Loop Reactor, the distance to 1 psi 

overpressure is estimated at 2,215 ft. (675 m) 

and the distance >10 psi overpressure is within 

250 ft. (the distance selected for Building 1).

Select Full Bore Pipe 

or Nozzle Leak
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Risk Analysis Screening Tool (RAST) 

Case Study – Phillips Petroleum

Scroll down the 

Consequence Summary 

worksheet.

Incident Outcome and 

Consequence Summary

Number of Serious 

Impacts Outside, >20

Number of Serious Impacts 

For Building 1, one occupant 

at time of explosion
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RAST Results Comparison

Case Study – Phillips Petroleum

Incident Impact

• 23 fatalities 
(22 within 250 ft.. of the loop reactor)

• > 300 injuries

• Estimated 85,000 lbs were released and ignited 
within 2 min

• Blast force was estimated at 2.4 tons of TNT 
(another study estimated 24 tons)

• Vapor Cloud Explosion (VCE) registered 3.5 
magnitude on the Richter scale

• Significant property damage
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RAST Results Comparison

Case Study – Phillips Petroleum

Incident Impact

• 23 fatalities 
(22 within 250 ft.. of the loop reactor)

• 85,000 lbs were released 

• Ignited within 2 min

• Blast force was estimated at 2.4 tons of 
TNT (another study estimated 24 tons)

RAST Estimate

• > 20 Seriously Impacted   

• 68,700 lbs Airborne Release

• Release Duration at 1.88 min

• Blast force was estimated at 2.4E7 kcal 
(maximum limit in RAST) which equals 
24 tons of TNT

The following slides describe a feasible scenario for what may have happened that day.
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RAST Results Comparison

Case Study – Phillips Petroleum

Maintenance As Written

Steps when unplugging settling leg

1) Close the 8” Ball Valve (Indicator reads closed)

2) Disconnect the 8” Ball Valve actuator air supply 
and discharge hoses

3) Lock the 8” Valve stem in its closed position

4) Remove the takeoff valve

5) Manually pull the log out

1

2

3

4

Supply Air

Log
8 feet

8” Ball 

Valve

Takeoff 
Valves

5
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RAST Results Comparison

Case Study – Phillips Petroleum

Maintenance Issue Day of Incident

Cannot reach Log fragment

and then manually pull the log out

Settling Leg 

with Log 

fragment

6 feet

Slide - 26

RAST Results Comparison

Case Study – Phillips Petroleum

3

1

2

Findings after the explosion

1. The 8” Ball Valve stem was unlocked

2. The actuator air supply and discharge hose connections 

were reconnected in reverse

3. The 8” Ball Valve will malfunction open if the air supply is 

connected in reverse 

Note: 3)’s data was obtained during the investigation 

afterwards.
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RAST Results Comparison

Case Study – Phillips Petroleum

Feasible conclusion due to findings

• Plug pushed out due to reactor pressure 

• Nothing to stop flow from reactor

• Entire contents of reactor released outdoors

Plug

Reactor at 600 psi 

Open 8” Valve

Takeoff valve removed 

(open to atmosphere) 
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RAST Results Comparison

Case Study – Phillips Petroleum

Property Damage Table (NFPA)

Overpressure (psi) Building Damage

0.15 Typical pressure for glass failure

1-2 Failure of wood siding; partial demolition

> 10 Probable total destruction

> 30 Steel towers blown down

Distance Overpressure

1/2 Mile (800 m) 0.8 psi

250 ft.. (75 m) > 10 psi

RAST Estimates for the Vapor Cloud Explosion (VCE)

Significant property damage within 250 ft..
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RAST Results Comparison

Case Study – Phillips Petroleum

Overpressures Estimated by RAST 

for Vapor Cloud Explosion

Reactor Location
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RAST Results Comparison

Case Study – Phillips Petroleum

Reactors at Center

250 ft.. Radius
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RAST Results Comparison

Case Study – Phillips Petroleum
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RAST Results Comparison

Case Study – Phillips Petroleum
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Risk Analysis Screening Tool (RAST) 

“Normal Operations” Study – Phillips Petroleum

What if the data had been entered 

to 0.0002 (“normal” operations) 

instead of 0.0035 people/m^2 

(day of incident with many people 

in the area at the time of the 

release). The Development 

Reactor Building 1 still contains 1 

Person and the Administration 

Building 2 still contains 40 People.

Default is 0.0002
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Risk Analysis Screening Tool (RAST) 

“Normal Operations” Study – Phillips Petroleum

On the Consequence 

Summary worksheet.

Incident Outcome and 

Consequence Summary

Number of Serious 

Impacts Outside drops to 

2 people

Number of Serious Impacts 

For Building 1 stays same at 

1 person
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RAST Case Study – Phillips Petroleum

Conclusion

RAST Estimate For Day of Incident

• > 20 Seriously Impacted  

• 1 in Building 1 Seriously Impacted

• Tolerable Frequency Factor at 6 

The Tolerable Frequency Factor (TFF) 

is the number of Independent 

Protection Layers (IPLs) needed to 

reduce the Risk to a tolerable level.

RAST Estimate For Normal Operations

• > 2 Seriously Impacted 

• 1 in Building 1 Seriously Impacted

• Tolerable Frequency Factor at 5 

The TFF has been reduced by 1 (an order of 

magnitude reduction in Risk) with non-

essential people removed from the area  

and with no changes to the administrative 

lock-out controls in place.
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RAST Case Study – Phillips Petroleum

Conclusion

Although RAST was not available in 1989, had a PHA Team compared the risk during normal

operations (TFF = 5) and the risk associated with many people in the area as the

maintenance was being performed (TFF = 6), more protection layers would have probably

been added with fewer people nearby during maintenance to help reduce the likelihood and
severity—the risk—of a release.


