Attachment 1

DE-PS36-03GO93010

Attachment 1

DE-PS36-03GO93010


Guidance for Safety Aspects 
of Proposed Hydrogen Projects

July 2003

[image: image2.wmf] 


U.S. Department of Energy 
Hydrogen, Fuel Cells & Infrastructure Technologies Program

Table of Contents 

Overview
page 1

Identification of Safety Vulnerabilities (ISV)
page 2

Safety Assessment
page 3

Detailed Outline of Risk Mitigation Plan
page 4

Safety Performance Measurement and Monitoring
page 4

Communications Plan Outline
page 5

Appendix A:  Example Hazard Identification Table  
page 6

Appendix B:  Example Failure Modes and Effects Analysis (FMEA)
page 17

Appendix C:  Risk-binning Matrix, Frequency Criteria, Consequence Criteria
page 18

Guidance for Safety Aspects of Proposed Hydrogen Projects

Overview

This guidance document provides proposers with clarification on safety requirements for hydrogen-related solicitations from the U.S. Department of Energy Hydrogen, Fuel Cells and Infrastructure Technologies Program. 

The document will explain the objectives that must be met and provide examples, but it will not outline the detailed steps that must be completed in a safety plan. The responsibility of selecting the specific safety methodology and the justification of that method falls upon the principal investigator and related research groups. Standard practices exist for the qualification of safety hazards, and the proposers must choose which are best for their project. 

Safe practices in the production, storage, distribution, and use of hydrogen are essential for insurability. A catastrophic failure in any hydrogen project could damage the insurance industry’s perception of hydrogen and fuel cells. The Hydrogen, Fuel Cells and Infrastructure Technologies Program is developing and implementing practices that, if implemented early in a project, will provide an environment where safety is an integral component of any Department of Energy-funded project.

A safety plan identifies immediate (primary) failure modes as well as any secondary failure modes that may come about as a result of other failures.  In such a plan, every conceivable failure is identified, from catastrophic failures to benign collateral failures.  The documentation of benign failures can be used to address a more serious failure.

All potential hazards in a hydrogen production, utilization, or storage system must be identified and analyzed, as well as any system aspects that may be adversely affected by a failure.  These aspects include:

· Personnel.  The identification and mitigation of any hazards that pose a risk of injury or loss of life to personnel.  A complete safety assessment considers not only those personnel who are directly involved in a hydrogen process, but also those who may not be involved in the process at all, but are still at risk due to these hazards.  

· Equipment.  The prevention of damage to or loss of equipment.  Damage to equipment can be both the cause of incidents and the result of incidents.  An equipment failure can result in collateral damage to nearby equipment, which can trigger additional equipment failures or even present additional risks to personnel. A complete safety plan must consider and minimize any risk of equipment damage.

· Environment.  Any damage to the environment.  Any aspect of a natural or built environment that can be harmed due to a failure is identified and analyzed.  A qualification of the failure modes resulting in environmental damage must be included in the safety plan.

Project proposals should include a preliminary safety plan that identifies safety hazards. Systematic procedures must be used to consider design modifications and alternatives to reduce risks when hazards are identified, and should include mitigation (passive and active ventilation, for example) in the case of unforeseen circumstances. 

The following actions are to be performed as a preliminary safety plan for the proposal:

1. Identification of Safety Vulnerabilities (ISV) – a Preliminary Failure Modes and Effects Analysis (FMEA), hazard analysis, or probability risk assessment, including a plan for preparing the final analysis or assessment that identifies significant safety concerns. Published data should be used when available. If data are not available, engineering practice may be used. The approach should be explained if it differs from industry practice.

2. Brief example of a safety assessment (up to 3 pages) for installing a new system or testing a new piece of equipment, including calculations.

3. Detailed outline of the Risk Mitigation Plan that will apply to the project based on the preliminary FMEA/analysis/assessment. 

4. Description of how safety performance will be measured and monitored to ensure that the FMEA/analysis/assessment is updated regularly as data becomes available. 

5. Detailed outline for the Communications Plan that the project manager will develop and implement during the project. This should include a description of reportable accidents, management response, and independent reviews during the design/development and operations phases of the project and how they will be reported. 

Identification of Safety Vulnerabilities

The preliminary Identification of Safety Vulnerabilities (ISV) can take the form of a Preliminary Failure Modes and Effects Analysis (FMEA), hazard analysis, or probability risk assessment, and demonstrates that the proposer has assessed safety early in the process and has integrated it into the proposed project. The three methodologies are all established industry standards for reliability engineering. The purpose is to analyze design components for safety hazards and to demonstrate an understanding and anticipation of component failures.  The most important objective is the prevention of problems before they occur.  In the case of a failure, the ISV will minimize the effects of that failure.  In a sense, it is a reliability tool as well as a safety tool, as it can help to identify areas within a system that are prone to failure.  

Prior to performing the ISV, efforts should be made to compile information central to the system.  Pertinent information includes: 

· component specifications and configurations, 

· component interaction information,

· operating procedures, and

· equipment types.

Information from earlier projects may be effective in the collection of the above information.

An example of a hazard identification table is shown in Appendix A. 

FMEA

Various methodologies exist for the creation of a FMEA, and numerous FMEA guides are available from traditional industry sources.  Guidelines on general safety information are available in various government and military documents, including MIL-STD-882C and MIL-STD-1629A. In addition, websites such as http://www.fmeainfocentre.com/ (a non-commercial web-based inventory dedicated to the promotion of Failure Mode and Effect Analysis) and the NASA Technical and Information Program’s http://www.sti.nasa.gov/new/fmea33.html may provide additional information on the development of FMEAs. 

In general, the FMEA process follows a standard procedure, as detailed below:

1. Identify top level hazards/events

2. Identify related equipment/components/processes

3. Identify potential failures

4. Identify design safety

5. Identify corrective actions

This outline is repeated for every hazard or component for a complete system.  

A FMEA can be preformed via two different approaches.  The hardware, or component, analysis is the identification and analysis of ramifications of component failures.  This method is a bottom-up approach, wherein failures are initiated on the subsystem level.  The functional approach is a top-down method, more suitable when specific components have not yet been chosen. Either approach is acceptable. The development of the FMEA is a continuous process, and the document should evolve as the system design changes.  

A sample excerpt from a FMEA table is shown in Appendix B.

Safety Assessment
Each project’s proposal will be evaluated for its thorough investigation and reporting of safety hazards. Therefore, a brief example of a safety assessment (up to 3 pages) for installing a new system or testing a new piece of equipment, including calculations, is required. Below is an approach for a safety assessment.

1. Perform safety assessment before construction begins—during design phase. Maintain construction oversight throughout the project. 

2. Review system design against existing codes and standards (ASME, NFPA, etc.)

3. Develop detailed, reasonable-worst-case, credible scenarios describing process upsets, human errors, system failures, etc. that could result in unwanted or unacceptable consequences. These scenarios can be postulated without regard to existing design safety features. 

4. Identify and correct construction and code problems and deviations 

a. Identify and brief appropriate permit, regulatory, and safety personnel early in the project (site/location specific)

b. Address mechanical and/or electrical issues, storage separation distances, component ratings, etc.

c. Identify “new” hazards, if any—some hazards are equivalent to other commonly accepted public and industrial hazards

d. Hazards can be characterized in terms of form, quantity, and location. 

Detailed Outline of Risk Mitigation Plan

The purpose of a risk mitigation plan is to outline and minimize the risks that hold the greatest potential for harm. It is essentially an extension of the ISV, as its construction usually follows that development.  After identifying safety vulnerabilities, the proposer will have a prioritized list of safety aspects that require action. A risk mitigation plan provides detailed design and operational modifications for each issue on that list.  Typical aspects of a risk mitigation plan include a discussion of mitigation measures, a cost-benefit analysis, and an implementation strategy.  

A detailed outline of the risk mitigation plan would assess the scenarios and identified hazards from the safety assessment. The plan should determine the likelihood of occurrence, which could be expressed in frequency of occurrence, and the severity of consequence. It should consider the cause(s) of the scenario (or initiating event[s]) and the hazardous material or energy released as a result of the scenario. During this phase of the analysis, no credit is taken for preventive or mitigative features in reducing frequency or consequence, thereby focusing on those hazards that are of greatest concern. 

The following categories could be used for organizing and analyzing data:

· Event number

· Event category

· Postulated event description

· Causes

· Preventive features

· Frequency level

· Mitigative features

· Consequences

· Risk bin number

Risk binning is one analysis tool for risk mitigation. Each hazard can be plotted on a frequency/consequence matrix, which would indicate its level of risk – high, moderate, low, or negligible. For example, if a potential hazard’s frequency is unlikely, and its consequence level is high, it would be a high risk. 

An example of a risk-binning matrix and frequency and consequence criteria tables are shown in Appendix C.  

Safety Performance Measurement and Monitoring

A good measure of a safe hydrogen project is its insurability, and an important step is to quantify risks. A thorough safety plan will serve as a basis on which the risks associated with a technology may be measured. Each project proposal needs to include a description of how safety performance will be measure and monitored, to ensure that the FMEA is updated regularly as data becomes available. 

Communications Plan Outline

The communications plan is an outline of reports that are made when an incident occurs.  A reportable incident is broadly defined as a failure that results in damage to any of the factors (personnel, equipment, environment) discussed above.  The magnitude of these risks can vary widely, and some discretion is left to the investigator.  However, certain incidents are reportable under any conditions.  These failures are as follows:

· Any failure that results in a modification to any part of the FMEA

· Any failure that results in a injury or lost time accident

· Any failure that results in down time to process equipment

This list is not inclusive of all reportable incidents, but is indicative of the severity of incidents that must be reported.

Appendix A

Example Hazard Identification Table
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Appendix B

This example FMEA is for a gaseous hydrogen production method using a steam methane reformer.  The excerpt details three components and possible failures associated with those components.  This excerpt is typical of most FMEAs, although the complexity of the analysis will vary by project.

	Exhibit 2:  Excerpt from a Typical Failure Mode and Effects Analysis



	Equipment Item
	Parameter or Operating Deviation
	Cause
	Consequences or Implications
	Recommendations or Comments

	Induced Draft Fan
	High reformer draft pressure
	Improper function of ID fan suction valve or fan itself
	Potential energy release and possible destruction of reformer furnace
	Shut down reformer and isolate burner fuel upon reaching a high draft pressure set point

	Waste Heat Boilers
	High pressure
	Line is isolated while boiler is in operation, or pipe scaling occurs due to poor water quality
	Pressure relief valves open
	A safety relief valve is installed in the piping to release excess gas pressure to the vent stack system.  Valves are sized appropriately to accommodate the maximum flow rate at the relieving pressure per the ASME code

	
	Poor water quality
	Improperly functioning deaerator or water treatment system
	Accelerated corrosion and scaling occurs in piping and equipment
	Periodic testing is performed on the water to determine quality.  Not a safety hazard

	
	Low steam drum level
	Poor boiler operation
	Low steam-to-carbon ratio could develop in the reformer
	Coking could form on the reformer tubes

	
	Process leaking
	External impact or corrosion
	Potential for serious burns to personnel
	Precautions should be taken to avoid potential impact areas and perform regular quality inspections on the water treatment system

	Boiler Feedwater Pumps
	Low suction pressure
	Low water level in the deaerator
	Pump does not prime which results in premature seal wear  
	On/off pump control will cycle pumps.  The reformer will shut down on low steam drum level if the low suction pressure persists

	Source: Directed Technologies, Direct-Hydrogen-Fueled Proton-Exchange-Membrane Fuel Cell System for Transportation Applications, Hydrogen Safety Report, DOE/CE/50389-502, 1997.  Table 5-1, Hazard Review of On-Site Gaseous Hydrogen Production by Steam Methane Reforming.  


Appendix C

Example Risk-binning Matrix 

	Frequency


[image: image1]
Consequence
	Beyond extremely unlikely
	Extremely likely
	Unlikely
	Anticipated

	High
	10
	7
	4
	1

	Moderate
	
	8
	5
	2

	Low
	
	9
	6
	3

	Negligible
	11
	12
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Frequency criteria used for risk-binning

	Acronym
	Description
	Frequency level

	A
	Anticipated, Expected
	> 1E-2/yr

	U
	Unlikely
	1E – 4 < f ( 1E – 2/yr

	EU
	Extremely Unlikely
	1E – 6 < f ( 1E – 4/yr

	BEU
	Beyond Extremely Unlikely
	( 1E – 6/yr


Consequence criteria used for risk-binning

	Consequence level
	Impact on populace
	Impact on property/operations

	High (H)
	Prompt fatalities

Acute injuries – immediately life threatening

Permanent disability
	Damage > $50 million

Production loss in excess of 1 week

	Moderate (M)
	Serious injuries

Non-permanent disability

Hospitalization required
	$100,000 < damage ( $50 million

Vehicle destroyed

Critical equipment damaged

Production loss less than 1 week

	Low (L)
	Minor injuries

No hospitalization
	Damage ( $100,000

Repairable damage to vehicle

Significant operational down-time

Minor impact on surroundings

	Negligible (N)
	Negligible injuries
	Minor repairs to vehicle required

Minimal operational down-time

No impact on surroundings


High risk





Low risk





Moderate risk





Negligible risk
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