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Inerting for Explosion Prevention
Frank, Walt (speaker) 
ABS Consulting
5301 Limestone Road, Suite 210
Wilmington, DE USA, 19808
tel. 302-239-0496, fax 302-239-0306
Email: wfrank@absconsulting.com
Abstract: 

Oxidant concentration control, or inerting, is a commonly used technique for preventing fires and explosions in the process industries. While simple in concept, the details of implementing an inerting system are not always straightforward, and the Law of Unintended Consequences can come into play. This paper is intended to relate a broad range of guidance relative to the design and implementation of inerting systems and to provide a number of caveats addressing some of the more common stumbling points. Additionally, a novel basis will be described for designing inerting systems for a particularly challenging equipment configuration - vessels with large height-to-diameter ratios, such as silos.

Hydrogen Sulfide Poisoning
Long, Lisa (speaker) 
U.S. Chemical Safety Board
2175 K St NW, Suite 400
Washington, DC USA, 20037
tel. 202-261-7600
Email: Lisa.LOng@csb.gov
Abstract: 

On January 16, 2002 at the Georgia-Pacific Naheola Mill in Pennington, AL, sulfuric acid mixed with sodium hydrosulfide (NaSH) in a process sewer and produced highly toxic hydrogen sulfide (H2S) gas. The H2S leaked from a gap in the seal of the sewer man way. Several people working near the manway were exposed to the gas. Two contractors from Burkes Construction, Inc., were killed. Eight people were injured–seven employees of Burkes Construction and one employee of Davison Transport, Inc. Choctaw County paramedics who transported the victims to hospitals reported symptoms of H2S exposure.

The U.S. Chemical Safety Board defines a reactive incident as: 
A sudden event involving an uncontrolled chemical reaction–with significant increases in temperature, pressure, or gas evolution–that has caused, or has the potential to cause, serious harm to people, property, or the environment.

Based on this definition, the incident that occurred at the Georgia-Pacific Naheola mill is a reactive chemical incident.

Because of the serious nature of this incident, the CSB initiated an investigation to determine the root and contributing causes and to issue recommendations to help prevent similar occurrences. 

This report identifies the root and contributing causes of the incident and makes recommendations on reactive hazard identification, hydrogen sulfide safety, and emergency response.

Process Safety Issues - Processing of Tantalum Powder
Henderson, Lou (speaker) 
Cabot Corporation
P.O. Box 1608
Boyertown, PA USA, 19512-1608
tel. 610-369-8230
Email: Lou_Henderson@Cabot-corp.com
Perry, Melissa
Cabot Corporation
P.O. Box 1608
Boyertown, PA USA, 19512-1608
tel. 610-369-8230

Abstract: 

Tantalum powder is utilized extensively in the electronics industry for production of capacitors. Tantalum metal oxidizes rapidly and very exothermically in air. With the trends in product performance requirements, Ta powder has pushed towards finer particle size and higher surface area. This presents unique challenges in material handling in production and use of fine Ta powders. There have been many incidents of dust explosions, and fire incidents, in baghouses and processes that create newly exposed Ta metal surfaces.

This paper will review fundamental information on ignition energy and limiting oxygen concentration (LOC), and well as design issues for safe processing.

Experimental Study on Flammable Gas Explosions induced by Semi-Spherical Obstructions
Li-Sheng, juan (speaker) 
University of Shanghai for Science and Technology
No. 516 Jungong Road, Yangpu District
Shanghai, CHINA, 200093
tel. 906-487-3221
Email: lsj2002192@sohu.com
Bi-Mingshu
Dalian University of Technology
No. 56 Yinhua Street, Honggang District
Dalian, CHINA, 116012
Email: lsj2002192@sohu.com
Abstract: 

Unconfined gas cloud explosions, especially built-in obstructions, can cause great casualty and economic loss. It is very necessary to predict the power of potential explosions influenced by constraint condition and take effective measures to prevent or lower the damage. 

In this paper, experimental simulation on effects of premixed flammable gas cloud explosions induced by obstructions was conducted. The main work and conclusions are as follows:

(1)First, the pressure field of premixed flammable gas cloud explosions induced by obstructions has been researched systematically by means of experiments. Based on the regression of experimental data and deviation analysis, a quantitative fitting equation is obtained between the dimensionless explosive overpressure and its influential factors. The barrier dimension and interspaced ratio factors have remarkable influence on explosion overpressure. The explosion overpressure increases with the rising of barrier radius and decreases with the increasing of interspaced ratio of barrier.

(2)Second, the idea of the Multi-energy method has been applied in the analysis of gas cloud explosion field induced by regular obstacles. Through the parameters combination of three factors of influence, namely: the boundary conditions, the mixture reactivity, and the scale, a general fitting equation of explosion overpressure is obtained. The correlation formula can estimate other flammable gas cloud explosion pressure induced by other obstacle configuration.

Chlorine Dioxide Oxidation: Mean or Green, An Oxidation under Bi-Phasic Conditions
Wang, Steve (speaker) 
Senior Principal Scientist
Bristol-Myers Squibb Pharmaceutical Research Institute
One Squibb Drive
New Brunswick, NJ USA, 08903-0191
tel. 732-519-3948
Email: steve.y.wang@bms.com
Abstract: 

A procedure using sodium chlorite / chlorine dioxide system as an oxidant was used in a multi-kilo campaign for the preparation of quantities of a pharmaceutical intermediate. Subsequently, during process optimization and process hazards evaluation, a laboratory fire highlighted the need for an in-depth hazards analysis on the generation and use of chlorine dioxide. A dual-cell OPTEK spectrophotometer was used to conveniently monitor chlorine dioxide concentration in the reactor head-space as well as both phases of a biphasic reaction system. Using available literature on chlorine dioxide as a guide, a procedure was developed to allow for the evaluation of potential process explosion hazards due to this reagent in an efficient manner.

DESC: Modeling of Dust Explosions in Industrial Processes
Going, John
FIKE
704 S. 10TH ST
BLUE SPRINGS, MO USA, 64013
tel. (816) 229-3405x521
Email: john.going@fike.com
Snoeys, Jef (speaker) 
Fike Europe B.v.b.a.
Toekomstlaan 52
2200 Herentals, BELGIUM
tel. +32-14-210031
Email: Jef.Snoeys@fike.com
Abstract: 

The processing of dusts and powders is used extensively throughout the world in a range of industries including food and animal feed production, woodworking, chemicals and pharmaceuticals processing, coal and metal powder treatment. Over 80% of the powders used in industry are explosible, and explosion incidents can result in injury and loss of life, destruction of infrastructure and damage to the environment.

Through support from the European Union, a computer code called DESC (Dust Explosion Simulation Code) is being developed for calculating the development and progress of dust explosions in industrial facilities. 

DESC has 11 participants from industry contributing with experiments, modelling, measurements in industry and validating the software; these include HSL (co-ordinator), GexCon, TNO, TU Delft, FSA, Fraunhofer-ICT, Inburex, TU Warsaw, Øresund Safety Advisors, Hahn&Co and Lyckebye Starkelsen. GexCon is also co-operating with Fike Europe and the University of Bergen in this development.

The code will enable the evaluation of the risk (risk = probability x consequences) and the effect of preventative measures. Furthermore, the explosion protection can be implemented by CFD (Computational Fluid Dynamics) aided design, both on existing plants and at the design stage of small and large installations. The tool will be important to the definition of the safety function and the issuance of the explosion protection strategy, thereby fulfilling the requirements of explosion safety directives. The tool can also replace the use of less accurate venting guidelines for numerous practical situations.

Fire Protection for Large Storage Tanks - Where Do We Stand
Das, Akhil Kumar (speaker) 
6B1 Al Manshar Towers
Fahaheel, Kuwait, 64010
tel. 00-965-6808681
Email: akhildas@rediffmail.com
Ambhorkar, Ajay
6B1 Al Manshar Towers
Fahaheel, Kuwait, 64010
tel. 00-965-6420218
Email: ajayamb@yahoo.co.uk
Abstract: 

Perhaps one of the work areas in a hydrocarbon processing facility that site personnel may find not to be "technically stimulating" (as may be the process units) is the tank farm, which some refer to as "just a bunch of tanks". From the risk point of view also, process hazards are considered more severe than hazards in storage. Even regulatory agencies encourage this line of thought and suggest stricter risk analysis and control systems for process areas. It is not surprising, therefore, that people often forget the large inventories and concentrations of financial value that storage tanks represent. As a corollary, a concern for protecting storage tanks against fire is generally limited to maintaining mandatory provisions of separation distances and dikes and providing minimum fire protection systems. Sometimes it requires a major fire to remind us of the vulnerability of tank farms and of the loss potential of such incidents. As a knee-jerk reaction after an incident, however, there may be an overdose of retrofitting protection measures. This paper takes a look at the scope and limitations of various passive and active fire protection measures and then tries to develop an approach to derive synergetic benefits of simultaneously implementing different provisions.

Fire Protection Design Considerations for an LNG/CNG Fueling Facility
Woycheese, Jack (speaker) 
Hughes Associates, Inc.
703 Contada Circle
Danville, CA USA, 94526
tel. 925-855-0119, fax 925-855-0121
Email: jwoycheese@haifire.com
 Abstract: 

This presentation will address fire protection engineering design considerations incorporated into an enclosed LNG (liquefied natural gas) storage building housing two 30,000 gallon cryogenic LNG tanks. LNG is pumped to vaporizers to CNG (compressed natural gas) fueling facilities for a large metropolitan bus fleet. Due to "NIMBY" (not in my backyard) attitude and code siting issues, the storage building and related equipment were modified to incorporate findings of a FMEA and to meet the intent of applicable provisions of NFPA 57, NFPA 59A, and a proposed CalOSHA pressure vessel regulation, Title 8. The presentation will discuss siting, drainage, ESD and isolation, pressure relief, detection and suppression design criteria, as well as involvement of the critical stakeholders, including the local authority having jurisdictions to achieve a cost-effective design within the project scope, budget, and timeline.

Tank Entry Supervisor Certification and Training
Colonna, Guy (speaker) 
Assistant Vice President - Hazardous Chemicals/Materials
National Fire Protection Assn.
One Batterymarch Park
Quincy, MA USA, 02269
tel. 617-984-7435, fax 617-984-7110
Email: gcolonna@nfpa.org
Abstract: 

The American Petroleum Institute has initiated a certification program that supports its industry standards on tank cleaning safe practices and procedures. This presentation provides an overview of the training program. Trainees learn about the basic requirements needed to ensure safe decommissioning, degassing, entry, cleaning, recommissioning, and associated work in and around aboveground storage tanks in the petroleum industry. The program covers the basic requirements defined by the OSHA Permit-Required Confined Space Standard, NFPA 326, and API Tank Cleaning Standards 2015 and 2016. The program also covers the primary roles of owner and contractor tank cleaning supervisors, entrants, attendants, workers, testers, and rescuers.

For each tank cleaning activity, there is a necessary level of competence required to understand and recognize actual and potential confined space hazards and safe work practices, which will be the focus of this training program. Since accident statistics indicate that a large proportion of confined space incidents are the result of atmospheric hazards, the program provides an understanding of the essential components to understand, perform, and evaluate atmopsheric monitoring and includes hands-on activities aimed at ensuring a minimum skill level in these core competencies. 
Spent Sulfuric Acid Storage Tank Explosion Incident
Heller, David (speaker) 
U. S. Chemical Safety & Hazard Investigation Board
2175 K Street, NW, Suite 400
Washington, DC USA, 20037-1809
tel. 202-261-7622
Email: david.heller@csb.gov
Abstract: 

On July 17, 2001, an explosion of a spent sulfuric acid storage tank at a Motiva Enterprises refinery in Delaware City, DE took the life of a contract boilermaker and injured eight others. A crew of contractors was doing repair work on a catwalk in an acid storage tank farm, when a spark from their hot work ignited flammable vapors inside one of the storage tanks. The tank separated from its floor, instantaneously releasing its contents. Other tanks in the tank farm also released their contents. Sulfuric acid reached the Delaware River, resulting in significant damage to aquatic life.

This paper details the U. S. Chemical Safety and Hazard Investigation Board's (CSB) investigation, focusing on key findings and root and contributing causes. The status of the CSB's recommendations to OSHA, the Delaware Department of Natural Resources and Environmental Control, the American Petroleum Institute, and NACE International (National Association of Corrosion Engineers) will be discussed, along with other initiatives by regulatory and consensus standard organizations that have been developed as a result of this incident.
Avoiding Electrostatic Hazards in Storage Tanks
Pratt, Thomas (speaker) 
Burgoyne, Incorporated
2864 Johnson Ferry Rd, Suite 100
Marietta, GA USA, 30062
tel. 770-552-0064, fax 770-552-1165
Email: thpratt@aol.com
Abstract: 

The petroleum industry has a lot of experience with electrostatic ignitions in the storage of liquids. This experience is reflected in their standards and guidelines and many of these are applicable to chemical operations; however, there are important differences to be kept in mind with using them. Additionally, there are many quantitative guidelines set forth in the standards and recommended practices which should be taken advisedly before they are implemented. This paper discusses their origin so that they can be taken in the proper context and modified to meet their intent while designing operating chemical facilities.

Investigation of a Naphtha Storage Tank Fire
Rodante, Thomas (speaker) 
Senior Consultant
Baker Engineering & Risk Consultants, Inc.
1303 Crest Drive
Colleyville, TX USA, 76034-4146
tel. 817-427-4598, fax 817-427-4598
Email: tvrodante@bakerrisk.com
Abstract: 

In October, 1988, one of the world's largest combined loss storage tank fires occurred at the Singapore Refining Company refinery on the island of Pulau Merlimau, Singapore. At the height of the incident, the blaze involved three floating roof naphtha storage tanks, each approximately 140-foot diameter, containing a total of 294,500 barrels of product. The resultant loss was estimated at over $6.6 million (US).

At several stages, the fire threatened to involve tankage in adjacent dikes containing kerosene, reformate, motor gasoline, and diesel fuel. Since the refinery was located on an island, equipment and manpower was ferried to the site. Despite the size of the fire and adverse logistics, firefighting efforts were successful in containing the incident to the primary dike tankage.

This paper investigates the incidents leading up to the fire, operational and design engineering considerations, an analysis of the basic fire fighting strategy, pre-fire and emergency response plans, fire water management, and fixed/semi-fixed foam systems. 

Incorporation of HAZOP, SIL/SIS, LOPA, and Integrated Risk Assessment
Morrison, Lisa (speaker) 
Styrenics Senior Process Safety Advisor
NOVA Chemicals, Inc.
1550 Coraopolis Heights Road
Moon Township, PA USA, 15108
tel. 412-490-4262, fax 412-490-4002
Email: morrisl@novachem.com
Abstract: 

The purpose of this paper is to show how NOVA Chemicals used HAZOP and SIL evaluation of an existing process, followed up with LOPA and, finally, comparison to acceptable risk criteria from a previously completed Integrated Risk Assessment (IRA). This review allowed us to come up with the design of a safety system that achieved the required risk reduction. The reason for the project came from a study that was carried out to evaluate how the risks of runaway reaction were being mitigated at all of the Styrenics plants, just after a couple of major acquisitions in 1999 and 2000. These studies involved integrated risk assessments and one of the processes at one of the newly acquired plants required additional action to mitigate the risk. The site decided to re-do the HAZOP on the system, and incorporated the identification of the SIL for each scenario with a consequence of interest. After the main HAZOP sessions, a smaller team performed a LOPA, and integrated the required risk reduction from the integrated risk assessment into the decision process to determine if additional layers of protection were needed. This allowed the project team to directly tailor the required layers of protection to the specific causes that can lead to a runaway reaction, leading to a risk reduction project that satisfied the company's acceptable risk criteria

Applying Fault Tree Analysis to Prioritize Risk Mitigation Measures
Rothschild, Marc (speaker) 
Rohm and Haas Company
Route 413 & State Road
Bristol, PA USA, 19007
tel. 215-785-
Email: MRothschild@rohmhaas.com
Abstract: 

Safety instrumented systems can be expensive to implement with increased levels of protection (and costs) providing incrementally less return on safety. To be cost-effective while ensuring adequate protection, a good system must be in place to measure the risk against an established target. Layer of Protection Analysis (LOPA) has proven effective in this task. However, LOPAs fall short in complex systems where the required failure rate data is not a fixed value, but rather is dependent on other factors. In those situations, fault tree analysis (FTA) may be the analytical tool of choice. FTA is designed to thoroughly and accurately evaluate complex systems. FTA is also effective in sorting and prioritizing recommendations for enhancements. 

A case study is presented to illustrate the effectiveness of fault tree analysis in measuring risk and in prioritizing recommendations. It is recognized that it may not always be practical to apply fault tree analysis to commonly found complex systems. In those situations, a FTA can be used to develop a failure map which, in turn, can be used to foster greater qualitative understanding of the complex system, as well as provide quantitative input to a LOPA. 

Oxidation Reaction Safeguarding with SIS
Marszal, Edward (speaker) 
Exida
2929 Kenny Road, Suite 225
Columbus, OH USA, 43221
tel. 614-451-7031 Ext.1, fax 614-451-2643
Email: emarszal@exida.com
Mitchell, Kevin
Exida
2929 Kenny Road, Suite 225
Columbus, OH USA, 43221
tel. 614-451-7031 Ext.2, fax 614-451-2643
Email: kmitchell@exida.com
Abstract: 

Catalyzed oxidation reactions allow for a variety of useful chemical compounds to be economically produced. These products include many common organic acids and anhydrides, industrial alcohols, and organic peroxides. Safely conducting catalyzed oxidation reactions on an industrial scale is a core competency of many chemical companies. However, there is a history of numerous incidents involving fire and explosion in oxidation reactors, and these accidents are compelling reminders of the hazards of oxidation reactions.

The primary hazard that is common to these technologies is the use of oxygen - either in air, enriched air, or pure form - as a reactant in contact with a combustible hydrocarbon, which is either as a reactant or a solvent. Oxidation reactor design typically involves ensuring that residual oxygen levels in equipment are sufficiently low that they do not support combustion. This strategy safeguards against ignition of a flammable gas mixture within the reactor or downstream separation equipment. Normally, the basic process control system regulates the process chemistry and avoids potentially dangerous excursions involving high oxygen concentration. However, upset conditions often occur, and one of the commonly employed safeguards to prevent an explosion is a Safety Instrumented System (SIS).

This paper explores some of the common risks that are encountered in oxidation process reactor sections. The paper also describes the instrumented safeguards that are typically used to prevent these risks from being realized and addresses some of the important details that should be considered during their design.

The Application of the SIS Standards to Offshore Installations
Dejmek, Kimberly (speaker) 
Baker Engineering and Risk Consultants, Inc.
4100 Greenbriar, Ste 130
Stafford, TX USA, 77477
tel. (281) 491-3881, fax (281) 491-3882
Email: kdejmek@bakerrisk.com
Abstract: 

The treatment of Safety Instrumented Systems (SIS) on offshore installations can be complicated due to the numerous regulations and standards that may be applied to any one system. Many offshore projects have requirements to apply offshore standards such as API-14C as well as SIS standards, i.e., ANSI/ISA S84.0.01-1996 and IEC 61511, and in some cases additional regulatory requirements exist. Commonly held perceptions are that these standards are in conflict with one another, making adherence to the project specifications difficult or that API-14C alone provides sufficient guidance on the SIS design. However, API-14C generally provides methods for identifying the Safety Instrumented Functions (SIFs) while the SIS standards help in the determination of how robust the design and testing of each function should be. In actuality, the SIS standards and API-14C complement one another, providing an approach to offshore SIS that is consistent with the requirements and intent of both sets of guidelines.

Safety Measure Evaluation and Design for an FPSO Processing Facility Using Recently Proposed Methodology SCAP
Khan, Faisal (speaker) 
Associate Professor
Memorial University of Newfoundland
Faculty of Engineering and Applied Science
St John's, Newfoundland and Labrador Canada, A1B 3X5
tel. 709-737-7652, fax 709-737-4042
Email: fkhan@engr.mun.ca
Amyotte, Paul
Professor, Chemical Engineering
Dalhousie University
P.O. Box 1000
Halifax, Nova Scotia Canada, B3J 2X4
tel. 902-494-3976, fax 902-420-7639
Email: paul.amyotte@dal.ca
Abstract: 

Risk assessment is an essential prelude to the development of accident prevention strategies in any process facility. Many techniques and methodologies such as HAZOP, failure modes and effects analysis, fault tree analysis, preliminary hazard analysis, quantitative risk assessment and probabilistic safety analysis are available to conduct qualitative, quantitative, and probabilistic risk assessment. However, these methodologies are limited by a number of factors such as length of the study, results that are not directly interpretable for decision making, simulation that is often difficult, lack of risk assessment interaction with the safety measure design, and applicability only at the operational or very late design stage.

Recently Khan and coworkers have proposed a methodology in which risk assessment steps are interactively linked with implementation of safety measures. The resultant system identifies the extent of risk reduction by each successive safety measure. It also provides guidance, based on MCAA (Maximum Credible Accident Analysis) and PFTA (Probabilistic Fault Tree Analysis), as to whether a given unit can ever be made 'safe'. The methodology is simple, yet it is effective in safety- and design-related decision making and has been applied successfully to many case studies. It is named SCAP, where S stands for safety, C and A for credible and accident, respectively, and P for probabilistic fault tree analysis. This paper recapitulates the SCAP methodology and demonstrates its application to floating offshore process facilities.

Layer of Protection Analysis: Generating Scenarios Automatically from HAZOP Data
Dowell, III, A.M. (Art) (speaker) 
Rohm and Haas Company
6519 State Highway 225
Deer Park, TX USA, 77536
tel. 281-228-8258, fax 281-228-8159
Email: ADowell@rohmhaas.com
Williams, T.R. (Tom)
ABS Consulting
1000 Technology Dr
Knoxville, TN USA, 37932-3353
tel. 865-671-5804, fax 865-966-5287
Email: TRWilliams@absconsulting.com
Abstract: 

This paper details the concept of automatically generating LOPA scenarios from a process hazard analysis (PHA), such as HAZOP. Software can select consequences that meet severity criteria or risk criteria. It then takes each end consequence, follows each link path to an initiating cause, and presents each rolled up link path as a single LOPA scenario, complete with all the safeguards (i.e., candidate protection layers) found along the link path. The scenarios can be presented in database or spreadsheet format. The rolled-up LOPA spreadsheet allows the analyst(s) to identify safeguards that are independent protection layers, to assign appropriate values to each independent protection layer, and the spreadsheet calculates the resultant mitigated risk (or mitigated likelihood) in real time. This makes it easy for the analyst(s) to determine which independent protection layers or group of independent protection layers provides the most effective means for reaching or maintaining a target risk threshold.

The concept, demonstrated using ABS Consulting's HazardReview LEADER(tm) and LOPA Spreadsheet Utility, makes the process of going from PHA results to LOPA results a lot less time consuming. It avoids retyping and reduces the risk of overlooking scenarios. The paper will present lessons learned from applying the tools in real PHA/LOPA applications. 

Material Properties for Reactive Chemical Hazard Analysis
Britton, Larry
Consulting Scientist
Neolitica Inc
3606 W. Liberty
Ann Arbor, MI USA, 48103
tel. (734) 769-0670, fax (734) 769-0982
Email: lbritton@neolytica.com
Frurip, Dave
Dow Chemical
1234
Midland, MI USA, 048104
tel. 989-636-2446, fax 
Email: DJFrurip@dow.com
Going, John
FIKE
704 S. 10TH ST
BLUE SPRINGS, MO USA, 64013
tel. (816) 229-3405x521
Email: john.going@fike.com
Harrison, B. Keith
Professor and Chair
UNIVERSITY OF SOUTH ALABAMA
DEPT OF CHEMICAL ENGINEERING
MOBILE, AL USA, 366880002
tel. (251) 460-6160, fax (251) 461-1485
Email: kharriso@jaguar1.usouthal.edu 

Neimeier, JEFFRY 
ELI LILLY & CO
LILLY CORP CTR DROP 4813
Indianapolis, IN USA, 46285
tel. (317) 276-2066
Email: niemeier@lilly.com
Ural, Dr. Erdem (speaker) 
Loss Prevention Science & Technologies, Inc.
659 Pearl Street
Stoughton, MA USA, 02072
tel. 781-344-7656, fax 603-849-5989
Email: erdem.ural@lpsti.com 

Abstract: 

Any consequence model is only as good as the selected input material properties. Accurate reactive chemicals screening data form the cornerstone of procedures used to assess the hazards associated with commercial chemical production. The ASTM E27 Committee (Hazard Potential of Chemicals), in existence for over 25 years, has issued numerous, widely used consensus standards dealing with a diverse testing and predictive procedures used to gather such crucial data for chemical process hazard and consequence analysis. Since the decision to issue a standard rests solely with the membership (consisting of representation from industry, government labs, consultants, and instrument suppliers), the procedures are automatically relevant, timely, and widely applicable. 

The methods administered by E27 and described in this paper cover flammability (LFL, UFL, and LOC for example), ignitability (MIE, and AIT for example), and reactivity of dispersed fuel/air mixtures, thermodynamic estimations (heat of reaction for example), thermal stability testing (DSC and ARC for example), impact sensitivity (drop-weight test), and even how to construct effective compatibility (inter-reactivity) charts. The purpose of this paper is to promote a deeper and more complete understanding of the safe operating boundaries of a chemical process by highlighting some of the more widely used test standards, complemented with hypothetical but relevant examples describing the testing strategy, interpretation, and how the results are applied. 

Consequence Analysis – Using a CFD Model for Industrial Sites
Dharmavaram, Seshu (speaker) 
Du Pont
Wilmington, DE USA
Email: Seshu.Dharmavaram@USA.dupont.com
Abstract: 

Several models are currently available to model the discharge and dispersion of toxic or flammable materials to the environment. A few of the Gaussian dispersion modeling tools allow the representation of the complex environment within a manufacturing plant or urban area in determining the impact of continuous releases from a plant. For atmospheric dispersion of dense gases, a correction is made for the presence of the buildings and other complexity by using a surface roughness parameter, which is only a crude approximation. A need exists to obtain realistic estimates of plume dispersion in a complex environment, particularly accounting for buildings/obstructions at a plant and the associated turbulence. With the advance of computational technology, and greater availability of computing power, computational fluid dynamics (CFD) tools are becoming more available for solving a wide range of problems. A CFD model, called FLACS, developed originally for explosion modeling, has been upgraded for atmospheric dispersion modeling. CFD tools such as FLACS can now be confidently used to understand the impact of releases in a plant environment consisting of buildings, structures, pipes, and accounting for all complex fluid flow behavior in the atmosphere and predicting toxicity and fire/explosion impacts. With its porosity concept representing geometry details smaller than the grid, FLACS can represent geometry well even when using a coarse grid resolution to limit the simulation time. The performance of FLACS has recently been evaluated using a wide range of field data sets for sulfur dioxide (Prairie Grass), carbon dioxide (Kit Fox), chlorine (EMU), etc. In this paper, some details of the model evaluation and results from the CFD modeling of releases from an industrial facility will be presented. 

Third Party Liability Estimation – Analysis for the Onshore Energy Industry
Munnings-Tomes, John (speaker) 
Marsh Ltd
Tower Place
London, UK, EC3R 5BU
tel. + 44 (0)207 357 2926
Email: john.munningstomes@marsh.com
Abstract: 

For a business to be viable in the long term, companies need to be protected against possible loss scenarios, which can include significant exposure to liability claims following an unfortunate incident such as an explosion, fire, toxic release or environmental damage. This is especially true in societies that have a litigious attitude. 

In many cases, potential third party liability exposures can far outweigh other exposures that have been given more attention historically. By having a clear liability exposure analysis, a control and risk financing strategy can be implemented that will ensure that the company assets, image and surrounding community are adequately protected.

A review process has been developed to include an analysis of potential scenarios, which may include one or more of the following: vapour cloud explosions, BLEVEs, vessel disintegration, flash fires, toxic releases, oil spills and others. Evaluation of these scenarios is based on the use of in-house and commercially available modelling tools, and databases not commonly available in published standards, supported by information available in the public domain. Scenarios are graded in terms of quantified physical damage, impact on third party property, impact on personnel and impact on the environment.

An Integrated Approach for Gas Dispersion, Gas Explosion and Structural Impact Analysis for the Offshore Wintershall Q4-C Gas Production Platform on the Dutch Continental Shelf
Versloot, N.H.A. (speaker) 
TNO Prins Maurits Laboratory
P.O. Box 45
Rijswijk, The Netherlands, 2280 AA
tel. +31 – 15 – 284 34 65
Email: Versloot@pml.tno.nl
Abstract: 

The design of the offshore Wintershall gas production platform Q4-C, carried out by KCI, has been subjected to an extensive quantitative risk analysis in particular with regard to its resistance to gas explosion loads.
In a joint effort, KCI, ORBITAL Technologies and TNO-PML carried out a unique integrated gas dispersion, gas explosion and structural impact analysis to assess the impact and risks of a gas explosion.
Preventive and mitigating measures were taken to lower the probability and effect of a gas explosion to a level as reasonably practicably to safeguard the operators and assets.
State of the art computer models (AutoReaGas and SACS) have been utilized to analyze the effects of a gas explosion and the overall structural behavior.
In addition the probability and effect of gas leakage and dispersion have been modeled utilizing actual environmental wind data for ventilation and generic data for leak probabilities. These analytical and statistical methods were developed to enable rapid assessments to be made.
Finally, numerical physically non linear time domain computer programs have been developed to properly analyze the local structural components and design blast walls. It was demonstrated that integration of the gas explosion and structural simulation in an early stage of the design results in a safe and economical design.

An Update to the Baker-Strehlow-Tang Vapor Cloud Explosion
Pierorazio, Adrian J. (speaker) 
Baker Engineering and Risk Consultants, Inc.
San Antonio, TX USA, 78218
Email: AdrianP@BakerRisk.com
Abstract: 

The Baker-Strehlow-Tang vapor cloud explosion (VCE) blast load prediction methodology utilizes flame speed as a measure of explosion severity. In previous papers, guidance has been presented for selecting flame speeds based on congestion, confinement, and fuel reactivity based on data available from the literature. Over the last five years, a series of medium-scale VCE tests have been conducted through a joint industry project to better understand vapor cloud explosions and to allow a more accurate definition of the flame speed applicable to a given combination of congestion, confinement, and fuel reactivity. These tests have demonstrated that the previously published flame speeds are, in some cases, not conservative for cases in which no confinement is present. This paper provides an overview of the tests along with an update to the flame speed table where the previously published guidance was not conservative. 

A Methodology for Managing Explosion Risks in Refineries and Petrochemical Plants
Chamberlain, By Dr. Geoff (speaker) 
Shell Global Solutions (UK)
Cheshire Innovation Park, P.O. Box 1
Chester, UK, CH1 3SH
tel. +44 (0) 151 373 5563
Email: geoff.chamberlain@shell.com
Abstract: 

Explosion hazards following accidental release and ignition of flammable vapours or runaway reactions in refineries and petrochemical plant are an ever-present threat to the safety of plant personnel. This paper develops a methodology to determine the explosion risk to people in occupied buildings on the site. From a knowledge of the process layout, the analysis calculates the frequency and distribution of potential explosion overpressures and impulses over the area of the plant. The methodology, known as explosion exceedance, draws on latest developments in vapour cloud dispersion and explosion science and is implemented into software, called SHEPHERD. 

The results are expressed as the risk of fatality for the individual who is most exposed to building damage following an explosion in the plant. Also the group risk is calculated in terms of Potential Loss of Life (PLL/yr) and F(N) for the site employees who may also be exposed to the building explosion risk. SHEPHERD can therefore be used by the site to compare with risk tolerance criteria defined in the site HSE Management System, and to aid decisions on reducing risks to as low as reasonably practicable (ALARP).

The calculations are designed to satisfy the Guidance given in API RP752 on explosion risks. Considerable effort has gone into validation and comparison with historical experience. The methodology is being used for all Shell Chemical sites and some US and European refineries to ensure consistency of approach. 

The Economics of Counter Terrorism Risk Mitigation
Grounds, Cheryl (speaker) 
Senior Consultant
Baker Engineering and Risk Consultants, Inc.
501 Palm Avenue
Palm Harbor, FL USA, 34583
tel. 727-771-7853
Email: C.Grounds@BakerRisk.com
Bennett, Raymond
Senior Consultant
Baker Engineering and Risk Consultants, Inc.
3330 Oakwell Court, Suite 100
San Antonio, TX USA, 78218
tel. 210-824-5960

Abstract: 

The paper will discuss the economics of alternative risk mitigation strategies for hypothetical attacks. The paper discusses the cost of typical security systems as well as community alert and other means of risk mitigation. The potential benefits of each system and an estimate of the risk reduction are provided.

Discussions are based on two hypothetical plants, one that would be considered a “Tier 1” and the other a “Tier 2”. The potential terrorist threats are based on existing government guidance and attacks on similar facilities in other parts of the world. 

The risk reduction achieved is evaluated using both qualitative methods and quantitative analysis. The reduction of the consequences of a terrorist attack are addressed using quantitative methods including BakerRisk’s SafeSite 3GTM software, engineering programs to predict the extent of plant damage and recent studies on the effectiveness of enhanced community alert systems. The deterrence value of security systems is evaluated using several qualitative methods generated by both government and industry. The effectiveness of a security system in delaying or stopping an attack is evaluated quantitatively using a numerical model.

The paper will illustrate a method for selecting the most cost-effective method of providing counter terrorism risk mitigation.

Protection of Facilities Against Malevolent Use of Vehicles
Sawruk, Walter, (speaker) 
Senior Consultant
ABS Consulting Inc.
5 Birdsong Court
Shillington, PA USA, 19607
tel. 610-796-9080, fax 610-796-9081
Email: wsawruk@absconsulting.com
Abstract: 

It is widely recognized that a more urgent need exists since 9/11 to protect vital assets at chemical facilities and refineries from terrorist threats. Industry voluntary initiatives addressing these heightened security concerns have been undertaken with the primary emphasis thus far on performance of security vulnerability assessments (SVA's). Some facilities having completed the SVA have now begun implementation of engineered security enhancements, including continuous vehicle barrier systems for protection against malevolent use of vehicles. The perceived threat is that the terrorist vehicle is used to transport terrorists to the desired target within the facility or, it is transporting a large bomb that detonates following impact with the vehicle barrier. 

Design and qualification of active vehicle security barriers has long been standardized through the implementation of government technical specifications that include full scale testing requirements. However, similar standards and design criteria currently do not exist for passive barrier systems. Furthermore, the range of passive barriers designed and tested for military applications either do not meet the challenges posed by today's terrorist threat or, these tested military designs are plagued by high fabrication and installation costs and undesirable construction features. 

This paper describes the design process used to develop reliable, relatively inexpensive passive vehicle barrier systems for large facilities and kinetic energy demands on par with the highest rated active barriers currently available. Sensitive data are not revealed however, sufficient information is provided to guide a competent engineer through the design process. The design process described begins with development of barrier performance objectives that include obtaining a reliable prediction of vehicle penetration distance and a high degree of confidence that vehicle incapacitation and entry denial is achieved. Discussed next is a means to obtain a quantitative definition of the terrorist threat in terms of vehicle type, size, weight and speed which translates to kinetic energy demand for the barrier. 

A discussion of how natural and man-made terrain features can be used to effectively reduce or eliminate the vehicle demand is included. Discussion continues with a detailed description of the analytical process for vehicle impact with the barrier from which vehicle penetration distance, barrier performance and vehicle damage estimates are obtained. Cost data are also presented. By following the engineering approach described herein, a reliable, cost effective passive vehicle barrier system design can be achieved for large facilities and high kinetic energy demands.

Applying Inherently Safer Technologies for Security of Chemical Facilities
Moore, David (speaker) 
President and CEO
AcuTech Consulting Group
88 Kearny Street
San Francisco, CA USA, 94108
tel. 800-409-5972
Email: dmoore@acutech-consulting.com
Abstract: 

Inherent Safety is a recognized process risk management strategy, and has value for risk reduction of intentional chemical releases as well as accidental releases. Most of industry is not formally using inherent safety as a strategy for security risk management, although proposed security regulations and industry guidelines are focusing on the method as a first choice. 

This paper will address the concepts of inherent safety, and will review how they can be used to effectively reduce security risk. Examples will be presented against typical design basis threats. For example, companies possibly can provide standoff distance vs. adding active security measures, or reduce or distribute inventories instead of paying excessive costs for security countermeasures. It will also review the limitations of inherent safety and business constraints it may pose. The paper will also discuss the life cycle cost benefits from inherent safety vs. security investments and ongoing expenses.

Given that inherent safety is a rather subjective concept, it makes the matter a difficult one to understand, implement, and regulate. Key to the adoption of it is the need for practical tools to illustrate how to evaluate a risk and apply the concepts. This paper will describe a step-wise approach that can be used for evaluating the opportunities for inherently safer technologies during security vulnerability analyses. It will include a checklist to facilitate the analysis. 

Companies should be knowledgeable of inherent safety, actively document attempts to use the concepts, and should prepare themselves for the challenges of regulation of the issue should it come to that requirement.

Security Vulnerability Assessment in the Chemical Industry
Dunbobbin, Brian (speaker) 
Air Products and Chemicals Inc.
7201 Hamilton Blvd
Allentown, PA USA, 18195
tel. (610) 481-6736
Email: dunbobbr@apci.com
Medovich, Thomas
Air Products and Chemicals Inc.
7201 Hamilton Blvd
Allentown, PA USA, 18195
tel. (610) 481-6736


Murphy, Marc
Air Products and Chemicals Inc.
7201 Hamilton Blvd
Allentown, PA USA, 18195
tel. (610) 481-6736


Ramsey, Annie
Air Products and Chemicals Inc.
7201 Hamilton Blvd
Allentown, PA USA, 18195
tel. (610) 481-6736

Abstract: 

Following the events of September 11, 2001, Air Products and Chemicals Inc. developed a Security Vulnerability Assessment (SVA) methodology, consistent with the Center for Chemical Process Safety (CCPS) guidelines. This methodology is designed for efficient and thorough evaluation of a large number of facilities ranging from small industrial gas sites to large chemical plants. This methodology evaluates the potential consequences and attack scenarios at a facility and the attractiveness of the facility as a terrorist target. The team then provides recommendations for engineering and security improvements. Participation in early SVA development exercises with industry and governmental agencies made it clear that it is critical to have a team approach that includes process safety, security, and site operations functional expertise.

This paper presents an overview of the APCI SVA methodology and summarizes major findings and lessons learned. Findings from an SVA provide multiple levels of protection for our assets and the public. The engineering and security solutions from the evaluation are intended to deter, detect, delay, and respond to an attacker. They include:

1. Inherently safer alternatives such as reducing inventory, designing fail-safe systems, and improving plant layout.

2. Enhanced physical security systems such as fences, access control, and monitored intrusion detection.

Human Challenges in Facility Security Engineering
Attwood, Dennis (speaker) 
RRS Engineering
2525 South Shore Blvd. Suite 206
League City, TX USA, Texas
tel. 281-334-4220, fax 281-334-5809
Email: rrseng@rrseng.com
Effron, Bill
RRS Engineering
2525 South Shore Blvd. Suite 206
League City, TX USA, 77573
tel. 281-334-4220

Abstract: 

With the growing concern for the security of process operations from sabotage and terrorist attack, most integrated oil and chemical companies are examining their vulnerabilities to attack and modifying their approaches to security. Most of these modifications involve acquiring high-tech detection equipment, increasing site surveillance activities and upgrading security procedures and practices. In many cases, the new high-tech equipment has not been designed to take into account the capabilities and limitations of the people who operate them or physically located to allow proper monitoring by the security staff. Increased surveillance does not consider the vigilance and alertness of security personnel. Procedures and processes typically are not designed so that people can comprehend and act on them quickly and without error.

This paper will examine the equipment that has been designed to detect security breaches, the processes that have been put in place to increase site alertness, and the procedures that have been developed to respond to security violations. The paper will recommend changes in the equipment, processes and procedures to take advantage of what people can and cannot do.

Generalized Findings from a Process Threat Management Case Study
Whiteley, James (speaker) 
School of Chemical Engineering Oklahoma State University
Stillwater, OK USA, 74075
tel. 405-744-9117
Email: whitele@ceat.okstate.edu
Wagner, Jan
School of Chemical Engineering Oklahoma State
Stillwater, OK USA, 74075
tel. 405-744-4077
Email: jwagner@ceat.okstate.edu
Abstract: 

This paper will present generalized findings from a collaborative industry/academia study (in progress) of the process threat management problem from a process rather than security perspective. The study involves evaluation of the design and PHA documentation (including HAZOP and LOPA) for a new unit under construction in a domestic U.S. refinery. Goals of the study include:

1. If no changes are made in the existing process safety systems, what type of performance can be expected in response to a terrorist attack? Is a reduction in impact possible? If yes, how?

2. How can existing Process Hazards Analysis (PHA) methods be exploited and/or modified to address process threats? Are new tools needed? If yes, what are the required capabilities?

3. What should be the operating strategy during an attack? Can existing plant automation (regulatory control system, advanced control systems, safety instrumented systems) be employed in new ways to minimize damage from terrorist attacks? Is new or additional automation needed?

Results of the study will be generalized and summarized in the paper.

An Inherent Safety-Based Incident Investigation Methodology
Goraya, Attiq
Graduate Student
Dalhousie University
P.O. Box 1000
Halifax, Nova Scotia Canada, B3J 2X4
tel. 902-494-3976, fax 902-420-7639
Email: agoraya@dal.ca
Amyotte, Paul (speaker) 
Professor, Chemical Engineering
Dalhousie University
P.O. Box 1000
Halifax, Nova Scotia Canada, B3J 2X4
tel. 902-494-3976, fax 902-420-7639
Email: paul.amyotte@dal.ca
Khan, Faisal
Associate Professor
Memorial University of Newfoundland
Faculty of Engineering and Applied Science
St John's, Newfoundland and Labrador Canada, A1B 3X5
tel. 709-737-7652, fax 709-737-4042
Email: fkhan@engr.mun.ca
Abstract: 

A methodology is being developed to enable the explicit use of the principles of inherent safety in an incident investigation protocol.

Incident investigation is a well-recognized and vital component of a Process Safety Management (PSM) system. Investigation enables the PSM system to ensure that process safety lessons learned in the past can be utilized in day-to-day operations and when planning for new projects and construction. Incident investigation reports therefore provide an important link between the lessons of past incidents and safer design and operation in the future. The rewards of a successful investigation are the prevention of accidents and better protection of employees, equipment and other physical assets, and the environment.

Process chemists and engineers of today are increasingly considering inherently safer options in their design decisions, but the authors of incident reports do so less often. Explicit attention to inherent safety principles – minimize, substitute, moderate and simplify – during incident investigation can, however, be effective in preventing incidents with similar root causes in the future. In this manner, workplaces may be made safer by removing hazards rather than attempting to keep them under control with engineered and procedural measures.

The usefulness of the technique developed in the current work will be demonstrated by application to the Westray coal mine explosion that occurred in Nova Scotia in 1992. This process-related disaster resulted in the deaths of 26 workers, destruction of the underground workings, and bankruptcy of the parent company. The purpose in presenting this case study is twofold – to validate the methodology, and to identify the inherent safety considerations that could have prevented the incident. These findings have application beyond the realm of coal mining and extending well into the world of the chemical process industries.

Lessons Learned from Fires and Explosions Involving Air Pollution Control Systems
Ogle, Russell (speaker) 
Senior Managing Engineer
Exponent
Two North Riverside Plaza, Suite 1400
Chicago, IL USA, 60606
tel. 312-627-2015, fax 312-627-1617
Email: rogle@exponent.com
Abstract: 

Eight case studies of fires or explosions involving air pollution control (APC) systems are reviewed. These case studies have been generalized from actual accident investigations of the authors. Specific details have been deliberately changed or omitted to protect the identity of all concerned parties.

The APC technologies that are the subject of this paper include thermal oxidation, adsorption, condensation, gas absorption and filtration. Each of these case studies involves the handling of volatile organic compounds (VOCs), combustible dusts or both. These accidents encompass a broad range of fuels, ignition sources and circumstances. The causal factors of these accidents are identified and compared with applicable safety guidelines and standards to show how safeguards could have prevented or mitigated these accidents.

The common theme that emerges from these accident investigations is that APC systems should not be specified and installed strictly by intuition or experience, but rather through engineering design. The key findings of this study are:


1. Characterize the waste stream to be treated. This includes identifying the chemical compounds to be treated, the frequency distribution of the concentrations and the frequency distribution of the flow rate.

2. Conduct a process hazard analysis for each APC system with particular emphasis on fire and explosion hazards.

3. Document the design basis for the APC system: flow rate, inlet concentrations, outlet concentrations, treatment efficiency and operating conditions.

4. Operate the APC system within its design specifications.

5. Periodically verify that the APC system performance satisfies its technical and regulatory objectives.

6. Perform maintenance activities in accordance with manufacturer's recommendations.

Each of these incidents was the direct result of the omission of one or more of these basic tenets.

Management System Failures Identified in Incidents Investigated by the CSB
Blair, Angela (speaker) 
Chemical Incident Investigator
US Chemical Safety & Hazard Investigation Board
2175 K ST NW Ste 400
Washington, DC USA, 20037
tel. 202-261-3607, fax 202-974-7603
Email: angela.blair@csb.gov
URL: www.csb.gov
Abstract: 

A key mission of the US Chemical Safety and Hazard Investigation Board (CSB) is to determine the root causes of accidents, report the findings and issue recommendations as appropriate to prevent similar accidents from occurring. CSB investigators respond to a variety of events occurring in a wide range of workplaces, from chemical plants and refineries to candy factories and steel mills. The facilities are all sizes, from single owner-operated concerns with a few employees to major manufacturing plants for multi-national corporations. 

The details of each investigation are unique and the root causes are pertinent to each specific case. However, a common thread that emerges in CSB investigations is the inadequacies of management systems that might have prevented the accident from occurring. Examples of the systemic issues identified in CSB reports are:

Lack of hazard review to predict and prevent accidents; 

Insufficient investigation and follow-up after previous accidents; 

Inadequate training of staff; 

Failure to implement effective mechanical integrity programs; 

These issues are well recognized as elements of a process safety management (PSM) program, although many accidents investigated by the CSB occur at non-PSM-covered facilities. 

This paper contains a summary and discussion of the management system failures identified as causally related in CSB investigation reports. 

Distant Replay: What Can Re-Investigation of a 40-year Old Incident Tell You?
Lodal, Peter (speaker) 
Senior Technical Associate
Eastman Chemical Company
PO Box 511, Bldg 18
Kingsport, Tennessee USA, 37662
tel. 423-229-2675, fax 423-229-3949
Email: pnlodal@eastman.com

 Abstract: 

On October 4, 1960, Eastman Chemical Company suffered the worst accident in its 83-year history, when an aniline manufacturing facility exploded. 16 people were killed, and more than 400 injured as a result of the blast. This paper analyzes the incident and its aftermath using both historical records and modern analytical techniques. The results provide useful insight into both the technical and cultural safety issues raised, as well as valuable information that can be applied to current processes. 

Hydrogen Peroxide Explosion in a Vacuum Truck
Lacoursiere, Jean-Paul (speaker) 
Associate Professor
Sherbrooke University
35 ave Lemoyne
Repentigny, Quebec Canada, J6A 3L4
tel. 450-581-2315, fax 450-581-4539
Email: jpla@sympatico.ca
Abstract: 

Two workers of a waste handling contactor lost their lives as a result of the explosion of a vacuum truck where they had inadvertently mixed sulfuric acid and hydrogen peroxide.
The consequences of the explosion are documented and were simulated.
Root causes and contributing factors were identified and in particular failures of the management systems are underlined.

Air Compressor Demister Fire and Explosion
Thomas, James (speaker) 
Manager, Blast Effects Section
Baker Engineering and Risk Consultants
3330 Oakwell Court, Suite 100
San Antonio, TX USA, 78218
tel. 210-824-5960, fax 210-824-5964
Email: KThomas@BakerRisk.com
Abstract: 

This paper deals with an explosion at a plant powerhouse in which a number of large air compressors were operated. A fire was initiated in the demister for a set of compressors. The demister element fire most likely resulted from the ignition of compressor exhaust valve deposits due to the formation of a hot spot on an exhaust valve. The demister element fire heated the demister vessel to the point that it failed at system pressure. The demister vessel rupture resulted in the catastrophic failure of a valve in the line to the air receiver tank. The air receiver tank had a considerable inventory of lubricating oil. Oil entrained in the flow of air from the receiver tank through the broken line produced a flammable mixture of oil mist and air, which subsequently exploded. The oil mist explosion toppled a nearby masonry wall and caused damage to other portions of the powerhouse. The oil mist explosion (i.e., the secondary explosion) produced blast loads that were more severe than the demister vessel failure (i.e., the initial explosion). Fortunately, due to the distribution of personnel in the area at the time of the event, there were no significant injuries.

This event demonstrates that demister fires have the potential to initiate a serious accident. While it may be difficult to completely eliminate demister fires, there are a number of design options that can be employed to prevent a demister fire from triggering an explosion. One approach to prevent such an event would be to install a safety interlock to shut down the compressors and isolate the air treatment system upon detection of a high temperature at the demister discharge.

Oleum Spill Tests --- Field Data for Model Validation
Dharmavaram, Seshu (speaker) 
Du Pont
Wilmington, DE USA
Email: Seshu.Dharmavaram@USA.dupont.com
Abstract: 

Oleums are mixtures of sulfur trioxide in sulfuric acid and are produced in several strengths. They are used as sulfonating agents in many applications. When accidentally released from vessels or pipes oleum reacts instantaneously with water available from all sources like atmosphere, concrete, soil, etc., to form a fine acid mist that disperses downwind, based on atmospheric conditions. Unlike most other chemicals, the vaporization of sulfur trioxide from oleum spills depends not just on its the partial pressure but a variety of conditions. Complex chemical reaction and heat generation that occur in the liquid phase determine the amount of sulfur trioxide released above a pool of liquid. The sulfur trioxide then reacts instantaneously with the moisture in the atmosphere generating sulfuric acid and a lot of heat. Water and/or foam are used effectively in mitigating oleum spills. However, very limited laboratory or field data are currently available that describe the complex behavior of oleums. Several theoretical models have been developed to predict the vaporization and dispersion of the chemical upon loss of containment. These models and methods have not been validated. In this paper, details will be provided on a field test conducted in Nevada in Summer 2003 for spills of 65% oleum. Included will be a description of the spill mitigation, field measurement methods, and some model validation results. 

New Methods for Estimating Sonic Gas Flow Rates in Pipelines
Keith, Jason (speaker) 
Professor
MTU
Department of Chemical Engineering
Houghton, MI USA, 49931
Email: jmkeith@mtu.edu
Crowl, Daniel
Michigan Technological University
Department of Chemical Engineering
Houghton, MI USA, 49931
tel. 906-487-3221, fax 906-487-3213
Email: crowl@mtu.edu

 Abstract: 

We present a detailed review and analysis of sonic gas flow in pipelines, adding considerably more detail to the analysis, particularly for long pipelines. Separate analytical expressions are derived for isothermal and adiabatic flows, including the special limit when the gas flow is choked at its maximum value. For isothermal flows, the choked velocity is equal to the speed of sound divided by the square root of the gas compressibility ratio. For adiabatic flows, the choked velocity is equal to the speed of sound. 

The analytical expressions are usually solved by cumbersome trial-and-error methods. To circumvent this, we have developed separate graphical methods for the isothermal and adiabatic cases. Most notably, through the use of asymptotic analysis, we show that for long pipelines, the mass flow rate for each of the two limits collapses into a single, simple result that can be calculated directly. For most industrial piping situations, where choked flow is a concern, the simplified equation is extremely accurate. This is true if the sum of the excess head loss terms (including pipe length friction, 4fL/d, and frictional loss due to fittings, ΣK) is greater than 5. Surprisingly, our results also show that a maximum is found in the gas flow, which exceeds the asymptotic value by a slim margin.

A Practical Model of Impinged Jet Dispersion
Woodward, John (speaker) 
Baker Engineering and Risk Consultants, Inc.
3330 Oakwell Court, Suite 100
San Antonio,, TX USA, 78218
Email: jwoodward@bakerrisk.com
Abstract: 

Accidental jet discharges of pressurized fluids from equipment in plants are infrequently “free” jets and more often are impinged on solid surfaces or piping, etc. It is important to be able to model impinged jets allowing for conservation of momentum and increased turbulent air entrainment. Quite often in risk assessment work, impinged cases develop a higher risk of explosion and near-field toxic exposure since impinged plumes are wider and shorter than are predicted for free jets.

Our objective was to develop an impinged jet treatment that couples readily with our general dispersion model. To this end we have generalized an analytic solution for a free jet proposed by Webber and Kukkonen. Their original model was developed only for isothermal gas jets, and we have extended it to treat nonisothermal aerosols as well. We invoked a concept applied to the effect of obstacles on dispersion, the addition of a virtual dispersion distance to represent the effects of an impinging surface as proposed by Duijm, Jones, Martin, and Webber. This allows impinging surfaces to include porous arrays described by a blockage ratio. Primarily we require a flexible modeling structure rather than a high degree of rigor since the main uncertainty is in the distance to impingement and the angle of the jet to the impingement surface. We also model impingement as producing an increased knock-out of aerosol liquid. This can significantly alter the dispersion character of jets.

Our impingement model decreases the jet velocity past the obstacle array in a way that is proportional to the enhanced air entrained. We apply an enthalpy balance, so the entrained air usually results in some evaporation of aerosol liquid and increase of jet temperature. This also increases the effective diameter of the expanded jet past the obstacles or impingement surface. The treatment is convenient since it modifies the normal inputs to the subsequent general dispersion model.

The model is described, along with a comparison of predictions with limited dispersion data past impinged objects. We have over a year’s experience in applying this model to consequence analysis and describe example applications.

Uses of Fire Dynamics Simulator V3 for Large Scale/Industrial Incidents
Floyd, Jason (speaker) 
Hughes Associates, Inc.
3610 Commerce Drive, Suite 817
Baltimore, MD USA, 21227
tel. (410) 737-8677, fax (410) 737-8688
Email: jfloyd@haifire.com
Abstract: 

Consequences of large scale/industrial incidents can be costly both in terms of external costs to the surrounding communities and in terms of internal costs, which include personnel casualties, damage to facilities, and facility downtime during recovery. The use of computational fluid dynamics (CFD) can aid in reducing these costs in both the facility design process and in the post-accident recovery process. Unique aspects that may not be adequately addressed by existing fire codes may hamper design of fire protection systems and concepts for some industrial facilities. The use of CFD can aid in avoiding under design of active and passive protection systems to ensure adequate protection. Environmental recovery from an incident will be done with some resource limitations. CFD can aid the resource allocation by predicting the path and fallout of incident related emissions. Fire Dynamics Simulator v3, a large eddy simulation CFD program being developed at the National Institute of Standards and Technology, will be used to show examples of CFD predictions in both design and consequence analysis. 

A Complete Description of an Advanced Evaporation Model for Liquids From Land and Water (Non-Soluble, Floating) Part I – Theoretical Background
Kootstra, Dr. F. (speaker) 
TNO Environment, Energy and Process Innovation, Department of Industrial Safety
Laan van Westenenk 501
Apeldoorn, The Netherlands, 7300 AH
tel. +31 55 5493208
Email: F.Kootstra@mep.tno.nl
Abstract: 

In this paper the theoretical background of a completely integrated evaporation model will be described for all kinds of possible pools. Evaporation of pools from land and water (non-soluble, floating) will be described for as well boiling as non-boiling liquids. The outflow of the evaporating liquid on land or water can be continuous as well as instantaneous. The spreading of the liquid is considered until a minimum layer thickness has been reached, or until the borders of the bund have been reached on land, or the confinement of the water surface (rivers). The mass- and heat balance need to be simultaneously solved for the evaluation of the temperature and height of the pool in time after (or during) the release. For the evaporation from water the formation of ice is considered in case of a confined water surface (rivers), and the different boiling regimes in case of an open water surface (sea). Within the evaporation model the following environmental- and weather conditions are taken into account: several subsoils for evaporation from land, humidity, wind speed and cloud cover in the air, the influence of position in the world and date (day:month:year). 

Modeling of Hazardous Releases from Oil & Gas Well Blowouts, and Pipeline Leaks
Ayyoubi, Mohamed (speaker) 
Loss Prevention Engineer
Saudi Aramco
P.O. BOX 6933
Dhahran, Saudi Arabia, 31311
tel. 966-3-875-3098, fax 966-3-875-5423
Email: mohammed.ayyoubi@aramco.com
Abstract: 

Consequence analysis underestimation of hazardous release events may result in unaccounted exposures to workers, assets, environment, and to the surrounding public. When calculations underestimate the hazards extents of release events, the actual risks will be greater than the modeled calculated risks; thereby, providing a false sense of security. On the other hand, the overestimation of hazards extents will result in apparent high-risk events where exaggerated resources will be committed towards preventing or mitigating inflated risk values.

World’s populations’ growths have resulted in encroaching of the emerging populations on remote existing oil and gas wellhead areas and pipelines right-of-ways. In addition, expansions of oil and gas drilling operations, and the construction of new pipelines have placed existing populations nearer to such systems. As separation distances decrease between the emerging population centers and wellhead and pipeline potential leak sources, a greater need arises for more accurate consequence modeling of uncontrolled release events.

A number of consequence analysis modeling packages are available on the market: some private and some publicly available. For consequence analysis to yield accurate hazard extent predictions, a number of factors need to be properly accounted for in the modeling. Several dispersion modeling input-factors such as the physical and chemical characteristics of wellhead and pipeline fluids, and the physical configurations of their containment systems are critical to the accurate assessment of uncontrolled release hazards from these systems. The accurateness of the overall dispersion results is heavily dependent on several key-factors, including: the time-transient nature of these type of accidental releases, the type of fluids (phases) expected from each release, the mass release rate for each of the phases, and the thermodynamic composition of each of the phases. This paper discusses and illustrates through sensitivity analysis and case studies some of these major key-factors and the important role they play in shaping the dispersion modeling results, and the final modeling conclusions.

