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Hazard Analysis
1. PURPOSE


This WSI establishes instructions for performing hazard analyses in preparation for test or other hazardous operations. 
The purpose of a hazard analysis is to systematically identify and track hazards in a system to facilitate the effective risk management of those hazards.
2. REFERENCES

a. 1910.119, “Process Safety Management of Highly Hazardous Chemicals”
b. NPR 8715.3, “NASA Safety Manual”

c. JPR 1700.1, “JSC Safety and Health Handbook,” http://jschandbook.jsc.nasa.gov/
2. JSC 17773, "Preparing Hazard Analyses For JSC Ground Operations"
2. MSM Infrastructure Process, "Safety and Readiness Review"

2. MSM Infrastructure Process, "System Safety Analysis Review"

2. WSP 25-0004, “Asbestos Abatement Program Management”
2. WSP 25-0008, “Laser Safety Program”
2. WSI 04-SW-0003, "System Safety Analysis"
2. WSI 09-SW-0011, “Certification and Recertification of Pressurized Oxygen Systems”

2. WSI 09-SW-0012, “Control of Materials Used in Hypergol Systems”
2. WSI 09-SW-0026, “Certification and Recertification of Pressurized Hydrogen Systems” 
2. WSI 25-SW-0005, “Process Safety Management of Highly Hazardous Chemicals”
2. 
2. 
3. ATTACHMENTS

3. Elements to Consider When Performing a Hazard Analysis

3. Hazard Analysis Report Template

3. 

3. 
4. DEFINITIONS

4. Amendment – Documentation to cover minor changes to a facility or system.  Also, documentation to cover temporary changes to a facility or system where the intent is to return the facility or system to its original configuration.  Amendments will be archived with the original documentation.
4. Controls – Design features, actions, warnings, training and/or devices used to eliminate hazards or minimize the probability of hazard causes. 
4. Failure Modes and Effects Analysis (FMEA) – A design tool consisting of a formal analysis identifying all single component failure modes, the effects of those failures on the operation and safety of the system, and a recommendation for resolution of the failure by adherence to the Risk Reduction Protocol sequence.
4. Hazard – Any event or condition that could result in injury to people, damage to the environment, damage to property or equipment, and/or delay or loss of mission or objective.
4. Hazard Analysis (HA) – A systematic method to identify and document potential hazards to personnel, other systems, equipment, facilities, and the environment.  A hazard analysis documents the controls implemented to mitigate the hazards.
4. Mitigating Factors - Design features, actions, warnings, training and/or devices used to reduce the severity of hazard consequences.
4. Risk Reduction Protocol – The preferred sequence of corrective actions devised to control hazards.  See 6.f.
4. System Safety Analysis (SSA) – A formal, peer operational and functional analysis of potentially hazardous operations as described in WSI 04-SW-0003.  
4. Revision – Update of a previously released document describing permanent changes in the facility or system configuration or the operation thereof.  The new revision rescinds previous versions of the document; however, the old versions are kept for historical record.  Not an amendment (see above).
5. INSTRUCTIONS FOR PARTICIPANTS AND THEIR RESPONSIBILITIES
5. The Office Chief (OC) shall

5. Ensure an HA exists or is prepared for systems under their area of responsibility as described below:
5. An HA should be performed for new or significantly modified systems that pose a risk to personnel, equipment, other systems and facilities, or the environment.
5. The requirement for an HA shall be based on the nature of the work, a recommendation from the PM, input from S&MA, or a recommendation from an SSA committee.
5. Decisions not to require an HA shall be documented in memo format and stored as a Management System Record for future reference in place of the HA report.  
5.  
5. 
5. Appoint project or independent personnel to perform or review the analysis depending on the scope and complexity of the system to be analyzed.
5. NOTE:  Systems associated with Process Safety covered processes as defined by 1910.119, Process Safety Management of Highly Hazardous Chemicals, shall be analyzed by a team with expertise in engineering and process operations.  At least one team member shall have experience and knowledge specific to the process being analyzed.  See WSI 25-SW-0005.
5. Review HAs with any risk assessment codes (RAC) of 3 after application of controls.  The OC has the authority to accept this level of residual risk and indicates that acceptance by signing the HA report.  (See 7.a.(7)(n)3).
5. The Project Manager (PM) shall

5. As part of the project planning effort, identify the system under consideration to the OC and recommend the following:
5. Whether a separate oxygen compatibility assessment, hydrogen hazards analysis, and/or hypergol materials assessment is required.
5. Oxygen compatibility assessment is described in WSI 09-SW-0011.  

5. Hydrogen hazards analysis is described in WSI 09-SW-0026.  
5. Hypergol material assessment is described in WSI 09-SW-0012.
5. Whether project personnel or independent personnel should perform the HA.  (See note 5.a.(2)(a) above).
5. 
5. The level of customer involvement.
5. Ensure all hazards determined from the HA are appropriately documented, controlled, and tracked to closure. Verify controls identified in the HA get implemented. 
5. Review the HA and concur with any residual risk by signing the HA report.
5. When appropriate, ensure that the customer or hardware representatives are provided with copies of the HA and given the opportunity to review and provide inputs to the HA.  If the customer declines, the PM will indicate that in the project or facility files.  The customer’s approval may be indicated by signature on the HA directly, or by separate memorandum.
5. The Project Leader (PL) shall
5. Perform the HA or assign project personnel to perform the HA, unless independent personnel have been assigned.

5. Provide necessary information to the Oxygen Compatibility Assessment Team, Hydrogen Hazards Analysis Committee, or Hypergol Materials Approval Committee as required to facilitate their analyses.

5. Provide the personnel performing the HA with the appropriate information to facilitate their analysis.

5. Ensure all hazards identified from the HA are appropriately documented, controlled, and tracked to closure.  Ensure all hazard control verification steps are completed.
5. Route the HA report for review/concurrence/approval signatures.

5. Present the results of the HA to the SSA and/or readiness review committee(s).    A summary is adequate for a readiness review committee unless more detail is requested.
5. The personnel performing the HA shall

5. Ensure the HA adequately addresses the entire system identified for analysis, including the facility, test articles, and other customer-supplied hardware.
5. Submit the completed HA to the appropriate PM, SSA committee, OC, and/or readiness review committee for review.
5. 
5. 
5. 
5. A NASA S&MA representative shall review and concur with the HA by signing the HA report.  This signature indicates S&MA concurrence with the level of risk. 
5. If an SSA is performed, the SSA committee shall review and concur with the HA.  Concurrence shall be indicated by the SSA Chairperson signing the HA report.  
6. GENERAL INSTRUCTIONS  
6. The HA is intended to be used in conjunction with other analysis tools such as the FMEA, others described in JSC 17773, and those indicated in 5.b.(1)(a) above.

6. An HA is a tool for identifying and controlling significant hazards and risks.  The analysis should be started early in the design phase of projects whenever possible.  
6. Like the design process, the HA process is iterative in nature.  It may be necessary to go back to the Design Review and/or SSA committees with proposed design and operational changes to ensure proposed controls are acceptable to peer reviewers.
6. All potential hazards should be analyzed. See Attachment A, “Elements to Consider When Performing a Hazard Analysis.” 
6. 
6. 
6. 
6. 
6. Equipment that will be used in more than one operational area shall be independently analyzed for each area.  For example, an aspirator used by both TS 403 and TS 405 shall be analyzed in both test stands for potential hazards during operations.  Different test cells or lab benches, for example, get the same individual evaluation for common equipment. 
6. After the hazards have been identified, each hazard shall be analyzed to determine how it can best be eliminated or managed according to the Risk Reduction Protocol hierarchy of controls.
6. Eliminate hazards by design,

6. Examples:  

6. Use welded connections instead of mechanical fittings to eliminate potential leak points in a fluid system.

6. Select proper materials of construction that are compatible with intended media and use conditions and are structurally sound for the application.

6. Minimize the hazard risk through design and operational changes,

6. Examples:

6. Provide a long handled adapter to a manual valve such that it can be actuated from outside a test cell to keep personnel away from an active test system in the cell.

6. Verify the atmosphere in a test stand with a calibrated oxygen meter at the start of shift to ensure a safe atmosphere is present before allowing personnel access to the stand. 

6. Incorporate safety devices,

6. Examples:

6. Utilize an interlock on the lab door to ensure it is closed before a laser in the lab can be energized.
6. Relief valves and burst disks are pressure safety devices.
6. Provide caution and warning devices,

6. Examples:

6. Signs, warning lights, and barricades

6. UV sensors in areas that store/use hydrogen to monitor for flames that may not be visible to the eye.

6. Develop administrative procedures and training. 

6. Examples:

6. WSIs, WSPs, and other elements of the management system manual.

6. Training on hazards in the work place, proper work practices, selection and use of personal protective equipment.  

6. Personal protective equipment (PPE) is a part of administrative procedures and training, but WSTF considers the use of PPE a last resort for mitigating hazards.

6. The results of an HA shall be documented in accordance with the Hazard Analysis Report template in Attachment B.  Content instructions are provided in section 7.
6. 
6. 
6. 
6. 
6. 
6. 
6. The approved HA report shall be maintained as a Management System Record by the responsible office.

6. The HA shall be updated to cover modifications to a system whose inherent hazards pose a risk to personnel, equipment, or the environment, and handled by the process described above.  The updated analysis shall include the reason for HA update.
7. INSTRUCTIONS ON CONTENT REQUIREMENTS

7. The HA report shall, at a minimum, have the following sections in the following order.  Additional sections may be added if needed.  A formatted template is available in Attachment B, “Hazard Analysis Report Template.”

7. Introduction

7.  Identify the facility or system being analyzed.  
7. Describe the purpose/objective of this facility or system.  What is the facility or system intended to do?
7. System Description
7. Provide a functional description of the system, subsystems, test articles, etc. 
7. It may be as simple as referencing a sketch, WSTF Illustration, WSTF drawing, test plan, or test directive.
7. Procedures

7. Provide a description of how the system is to be operated.  
7. Discuss various use modes, i.e. static mode, start up mode, test modes, shut down mode, etc.  
7. It is not necessary to call out specific valve numbers unless that is the best way to describe how the system operates.
7. Method of Analysis

7. The method of analysis is the What If/Checklist hazard analysis described in JSC 17773.

7. Severity Codes – The following severity codes, consistent with JPR 1700.1, shall be used:
I
Catastrophic -
A condition that may cause death or permanently disabling injury, facility destruction or loss of major systems; schedule slippage causing launch window to be missed; cost overrun greater than 50% of planned cost.
II 
Critical - A condition that may cause severe injury or occupational illness, or major property damage to facilities, systems, equipment, or flight hardware; schedule slippage causing launch date to be missed; cost overrun between 15% and not exceeding 50% of planned cost.
III 
Moderate - A condition that may cause minor injury or occupational illness, or minor property damage to facilities, systems, equipment, or flight hardware; internal schedule slip that does not impact launch date; cost overrun between 2% and not exceeding 15% of planned cost.
IV  Negligible - A condition that could cause the need for minor first-aid treatment but would not adversely affect personal safety or health; damage to facilities, equipment, or flight hardware more than normal wear and tear level; internal schedule slip that does not impact internal development milestones; cost overrun less than 2% of planned cost.

7. Probability Codes – The following probability codes, consistent with JPR 1700.1, shall be used:

A
Likely to occur

B
Probably will occur

C
May occur

D
Unlikely to occur

E
Improbable

7. Risk Assessment Codes (RAC) – The Risk Assessment Codes, consistent with JPR 1700.1, are determined based on the matrix below. 
	Severity
	Probability Code

	Class
	A
	B
	C
	D
	E

	I
	1
	1
	2
	3
	4

	II
	1
	2
	3
	4
	5

	III
	2
	3
	4
	5
	6

	IV
	3
	4
	5
	6
	7

	


7. Hazard Analysis Summary

7. Document whether any RAC 1’s, 2’s, or 3’s were found during the analysis (number of each before controls, number of each after controls). Provide a rationale for accepting the residual risk (i.e., for not mitigating to a higher RAC).  
7. These items must be forwarded to the readiness review committee for resolution.

7. Document what, if any, design changes were recommended and/or made as a result of the analysis.  

7. Document any procedural controls used to mitigate hazards that need to be reviewed/approved by an SSA or readiness review committee.    
7. NOTE:  These hazards shall not be considered ‘controlled’ until the procedural controls have been approved by the appropriate committee.

7. Documents Reviewed

7. List any particular documents that were reviewed to prepare for or to perform the analysis.  
7. Note revision number if applicable.

7. Hazard Analysis Worksheet

7. PROJECT:  Identify the name of the project or program for which the analysis is being performed.  Example:  Shuttle RCS Fleet Lead.

7. SYSTEM:  Identify the system being considered in this analysis.  Example:  TS 405 PRCS hot-fire test.

7. SUBSYSTEM:  Separate the system into its subsystems, such as electrical, mechanical, inert gas, propellants, or other applicable designations.

7. DATE:  Indicate the date the worksheet was prepared.

7. PREPARED BY:  List the name(s) of the person(s) preparing the analysis.

7. RESPONSIBLE PM:  List the name of the NASA project manager responsible for the system being analyzed.

7. NUMBER:  Number each hazardous condition in sequence for tracking purposes.

7. HAZARDOUS CONDITION:  Describe the hazardous condition (the ‘what’ being evaluated).  

7. Indicate “No hazardous conditions identified” for a specific hazard category, hazardous condition, and/or subsystem as appropriate.
7. The hazardous conditions listed in the template (Attachment B) are a checklist to aid the analysis team.  It is not all inclusive.  The descriptions can be changed to better suit the system being analyzed and the analysis team is encouraged to identify other hazards not listed in the checklist.  
7. Some hazardous conditions may be redundant.  Some hazardous conditions may be the effects of other hazardous conditions.  The analysis team can refer to other hazardous conditions in the table, as appropriate, instead of repeating information.
7. CAUSE:  List the cause of the hazardous condition.  If more than one cause is identified, list separately on another line so that controls can be easily correlated.

7. Try to describe the cause(s) in terms of ‘who, when, where, why, and how’.  

7. Hazard causes may include the following:

7. Unsafe acts

7. Unsafe conditions

7. Existing or changing circumstances

7. Inherent characteristics

7. Hazardous characteristics

7. Hardware failures

7. Software deficiencies

7. Environmental effects

7. Operator errors

7. Interactions between systems or between systems and operators

7. Indicate “No causes identified” for a specific hazard category, hazardous condition and/or subsystem as appropriate.  This lets reviewers know these areas were at least considered.
7. EFFECTS:  List the effects from the hazardous condition.  Consider the effects on personnel, on the environment, and on equipment/system/mission.

7. INITIAL ASSESSMENT:  Following 7.a (4) above, select a severity class, probability code, and corresponding risk assessment code.  This initial assessment should assume no controls are in place.

7. Severity class shall be assigned based on the worst potential consequence defined by degree of injury, illness, or property damage that could occur.

7. CONTROLS & MITIGATING FACTORS:  List the controls and mitigating factors that are in place, or will be put in place, to manage the risk of potential hazards.  Controls should be employed in accordance with the Risk Reduction Protocol.  NOTE:  Some hazards may require a combination of actions from the risk reduction sequence to adequately manage risk.  Consider whether the stated control(s) really do eliminate or minimize the probability of the cause(s) and whether the mitigating factors really do lessen the effect(s).

7. At a minimum, each cause should have at least one corresponding control.  Effects may or may not have corresponding mitigating factors.

7. VERIFICATION:  State how the specified controls have been, or will be, confirmed as implemented in the system design and/or operating procedures (e.g., SSA committee review of procedures, readiness review committee inspections, PV/S certification, etc.)

7. DISPOSITION & TRACKING STATUS:  Following 7.a (4) above, select a severity class, probability code, and corresponding risk assessment code.  This second assessment should consider all stated controls and mitigating factors are in place.
7. Controls address causes and reduce the probability.  Example:  Severe injury due to chemical contact with the eyes.  Wearing eye protection (goggles) reduces, but does not eliminate, the probability that the eyes will be contacted by a splashed chemical.  

7. Mitigating factors address effects and may reduce severity.  Example:  Severe injury due to chemical contact with the eyes.  An eyewash can reduce the effect of a chemical splash to the eyes by diluting/removing the corrosive agent.

7. Mitigating factors are less frequently considered and may be ineffective depending on the actual circumstances of an event.   It may still not be possible to reduce the severity class.  Supporting rationale shall be provided if the severity class is reduced.

7. Given the revised RAC based on the stated controls and mitigating factors, identify the disposition of the hazardous condition as:

7. 
7. 
7. Eliminated – design controls eliminated the cause of the hazardous condition.

7. Controlled – the stated controls changed the RAC to 4 or higher.  

7. Accepted – after application of the stated controls the RAC remains 1 - 3.  
7. RAC 1 – NASA Administrator acceptance/approval of the residual risk is required.  Additional controls required to mitigate the hazardous condition.

7. RAC 2 – JSC Center Director or NASA WSTF Site Manager acceptance/approval of the residual risk is required.  Additional controls strongly recommended to mitigate the hazardous condition.

7. RAC 3 – Office Chief acceptance/approval of the residual risk is required.  Additional controls recommended to further mitigate the hazardous condition.
7. 
7. All hazards identified require closure.  A hazard will be considered closed when: 
7. The hazard has been eliminated by design change.

7. The hazard has been controlled and reduced to an acceptable level.

7. The appropriate level of management has accepted the residual risk based upon the rationale provided by project personnel.
7. Given the disposition, designate the status of the identified hazardous condition as OPEN or CLOSED.

7. RAC 1 items shall remain open until mitigated to a higher RAC or accepted by the NASA Administrator.

7. RAC 2 items shall remain open until mitigated to a higher RAC or until accepted/approved by the JSC Center Director or the NASA WSTF Site Manager.

7. RAC 3 items shall remain open until mitigated to a higher RAC or until accepted/approved by the NASA OC.
7. RAC 4 to 7 items can be designated closed if critical verification steps have been completed or will be completed during planned system reviews (e.g., SSA, TRR, etc.).  RAC 4 to 7 items are concurred by the NASA Project Manager when the HA report is signed.
8. RESCISSIONS

None.

Original signed by:




Original signed by:

Robert M. Cort





Alton B. Luper
Associate Manager, Technical


Chief, Safety & Mission Assurance
Attachment A
Elements to Consider When Performing a Hazard Analysis
The following descriptions are meant to help personnel identify hazards in the system(s) being analyzed.
 1.
Isolation of energy sources/propagation paths for operations and maintenance

 2.
Cryogenics, propellants, and other reactive fluids:  Their characteristics, hazard levels and quantity-distance constraints, handling, storage, transportation safety features, and compatibility factors including fluid decomposition products
 3.
System environmental constraints, for example, moisture, oxidation

 4.
Effect of start and stop transients

 5.
Use of explosive devices and the associated hazard constraints

 6.
Compatibility of materials, structural failure, stress

 7.
Effect of transient current, electrostatic discharges, electromagnetic radiation, and ionizing radiation to or by the system

 8.
Design of critical controls to prevent inadvertent activation

 9.
Use of electrical interlocks

10.
Use of pressure vessels and associated plumbing, fittings, mountings, hold-down devices, pressure changes, off-gassing, and liquid lockup

11.
Documentation for safe operation and maintenance of the system

12.
Training and qualification requirements for safe operation and maintenance of the system.

13.
Egress, rescue, and survival

14.
Life support requirements for the operators of the system

15.
Fire and explosion sources, detection, warning, and protection

16.
Resistance to shock damage

17.
Detection and warning of toxicity sources or oxygen deficiencies

18.
Environmental factors, such as equipment layout and lighting requirements

19.
Protective clothing, equipment, or devices

20.
Man-machine relationship, human error analysis of operator functions, tasks, and requirements

21.
Hydraulics and pneumatics

22.
Operating electrical equipment where flammable fluids or combustible solids are located

23.
Materials handling equipment

24.
Equipment used for personnel walking and work platforms and surfaces

25. Detectability of component failures

26. Asbestos containing materials in existing facilities and proposed activities as instructed in WSP 25-0004, “Asbestos Abatement Program Management”.
27. Laser safety in accordance with WSP 25-0008, “WSTF Laser Safety Program.”
28. Hazards resulting from failures or malfunctions that could create a hazard to nearby personnel, systems, or facilities, irrespective of subsystem or component redundancy.
29. Hazards resulting from normal or emergency equipment operations, environmental effects, human error, and design characteristics.
30. Hazards resulting from interfacing to facility infrastructure such as power, water, natural gas, inert gas, and breathing air.
31. Criticality code 1 hazards identified in the FMEA that were not eliminated by design change.
32. Hazards resulting from incorrect project assumptions.
33. Hazards resulting from the imposition of system controls.
34. Hazards resulting from system conditions exceeding defined limits.
35. Hazards resulting from performing or not performing system maintenance.
Attachment B:

Hazard Analysis Report Template
Complete file available at W:\WSTF-All\Pubs\Templates\Sitewide Use Templates\HAZ-ANALYSIS.doc.
Hazard Analysis Report 
for

[system name or description]

Issued by

National Aeronautics and Space Administration

Johnson Space Center

White Sands Test Facility

[date]




Prepared by:  ________________________________


name


organization


[add additional as required]






Concurred by: _______________________________



name



organization


[add additional as required]





1.0 Introduction

[Identification and description of the purpose/objective of this facility or system.]
2.0 System Description

[Functional description of the test system, subsystems, test articles, etc.]
3.0 Procedures

[Description of how the system is to be operated.]
4.0 Method of Analysis

The systems were reviewed for various hazardous conditions as specified in WSI 04-SW-0002.  Severity and probability codes were assigned to the various hazards in accordance with the following definitions:

4.1  Severity Codes

I
Catastrophic -
A condition that may cause death or permanently disabling injury, facility destruction or loss of major systems; schedule slippage causing launch window to be missed; cost overrun greater than 50% of planned cost.

II
Critical -
A condition that may cause severe injury or occupational illness, or major property damage to facilities, systems, equipment, or flight hardware; schedule slippage causing launch date to be missed; cost overrun between 15% and not exceeding 50% of planned cost.

III
Moderate -
A condition that may cause minor injury or occupational illness, or minor property damage to facilities, systems, equipment, or flight hardware; internal schedule slip that does not impact launch date; cost overrun between 2% and not exceeding 15% of planned cost.

IV
Negligible -
A condition that could cause the need for minor first-aid treatment but would not adversely affect personal safety or health; damage to facilities, equipment, or flight hardware more than normal wear and tear level; internal schedule slip that does not impact internal development milestones; cost overrun less than 2% of planned cost.
4.2  Probability Codes

A
Likely to occur


B
Probably will occur

C
May occur

D
Unlikely to occur

E
Improbable

4.3  Risk Assessment Codes (RAC)
The Risk Assessment Codes (RAC) are determined based on the matrix in Table 1. 

	Severity
	Probability Code

	Class
	A
	B
	C
	D
	E

	I
	1
	1
	2
	3
	4

	II
	1
	2
	3
	4
	5

	III
	2
	3
	4
	5
	6

	IV
	3
	4
	5
	6
	7

	


Table 1.

5.0 Hazard Analysis Summary
[Description of major hazards addressed; number of RAC 1, 2, or 3 conditions before controls; number of RAC 1, 2, or 3 conditions after controls and rationale for accepting the residual risk; design changes made/recommended; and procedural changes made/recommended.]  
Results of the hazard analysis are included in the attached table.  

6.0  Documents Reviewed 
[Resources used during the analysis.  A few examples are provided.]

WSI 04-SW-0002
Test plan / test directive

Drawings, illustrations, sketches

WJIs / TPSs (procedures)

Calculations

MSDSs

Industrial Hygiene (IH) assessments

Etc.


7.0  HAZARD ANALYSIS WORKSHEET
1.
PROJECT:  






4.
DATE:  



2.
SYSTEM:  






5.
PREPARED BY:  


3.
SUBSYSTEM/JOB:  





6.
RESPONSIBLE PM:  

	7.

NUMBER
	8.

HAZARDOUS

CONDITION
	9.

CAUSE
	10.

EFFECT
	11.

ASSESS-MENT

S/P/R
	12.

CONTROL(S) & MITIGATING FACTOR(S)
	13.

VERIFICATION
	14.

DISPOSITION:

TRACKING

STATUS

	EXAMPLE

	x.
	Exposure of personnel to surfaces chilled by LH2.
	Contact with uninsulated LH2 transfer line. 

	Personnel injury - cryogenic burns 
	II/B/2
	LH2 transfer line is a vacuum jacketed flexhose. 
Flexhose purged with helium, vented, and allowed to warm up for at least 30 minutes prior to disconnecting from system.

Only qualified LH2 handlers will be authorized to operate the LH2 system.

Test personnel required to wear site approved personal protective equipment in accordance with WSI 25-SW-0007, to include face shield, eye protection, cryogenic gloves, approved coveralls, and nonporous footwear.
	Reference system schematic, WSTF DWG-250-xxxxx.

PV/S inspection.

SSA committee review of operational procedures 

TRR committee concurrence to proceed.


	II/D/4

Controlled

CLOSED


	7.

NUMBER
	8.

HAZARDOUS

CONDITION
	9.

CAUSE
	10.

EFFECT
	11.

ASSESS-MENT

S/P/R
	12.

CONTROL(S) & MITIGATING FACTOR(S)
	13.

VERIFICATION
	14.

DISPOSITION:

TRACKING

STATUS

	HYPERGOLIC PROPELLANT [specify type(s)]

	
	Exposure of personnel to [propellant]
	Intentional release from system – vent, opening system during normal operations, etc.
	
	
	
	
	

	
	
	Inadvertent release from system – leak, spill, other 
	
	
	
	
	

	
	[Propellant] contact with reactive or catalytic materials
	Improper material use/selection in system components.
	Material degradation – corrosion, swelling, property loss, chemical change, etc 
	
	
	
	

	
	
	
	Fluid degradation – decomposition, heat, pressure, fire, fluid contamination
	
	
	
	


	7.

NUMBER
	8.

HAZARDOUS

CONDITION
	9.

CAUSE
	10.

EFFECT
	11.

ASSESS-MENT

S/P/R
	12.

CONTROL(S) & MITIGATING FACTOR(S)
	13.

VERIFICATION
	14.

DISPOSITION:

TRACKING

STATUS

	
	
	Intentional release from system – vent, opening system during normal operations
	Material degradation – corrosion, swelling, property loss, chemical change, etc 
	
	
	
	

	
	
	
	Fluid degradation – decomposition, heat, pressure, fire, fluid contamination
	
	
	
	

	
	
	Inadvertent release from system – leak 
	
	
	
	
	

	
	Fire (fuels)
	Inherent characteristic of hydrazine fuels
	
	
	
	
	

	
	
	Contact with adequate initiation energy
	
	
	
	
	

	
	Fire (oxidizer)

Enhanced flammability of materials exposed to oxidizer
	Inherent characteristic of oxidizers
	
	
	
	
	


	7.

NUMBER
	8.

HAZARDOUS

CONDITION
	9.

CAUSE
	10.

EFFECT
	11.

ASSESS-MENT

S/P/R
	12.

CONTROL(S) & MITIGATING FACTOR(S)
	13.

VERIFICATION
	14.

DISPOSITION:

TRACKING

STATUS

	
	
	Contact with a fuel and adequate initiation energy
	
	
	
	
	

	
	Explosion

[Can be a hazardous condition and/or an effect from other conditions]
	
	
	
	
	
	

	
	Other?
	
	
	
	
	
	

	HYDROGEN

	
	Fire
	
	
	
	
	
	

	
	Explosion
	
	
	
	
	
	

	
	Contact with incompatible materials
	
	Hydrogen embrittlement
	
	
	
	

	
	Other?
	
	
	
	
	
	

	OXYGEN

	
	Exposure of personnel to elevated oxygen concentrations
	Intentional release from system – vent, opening system during normal operations, etc.
	
	
	
	
	


	7.

NUMBER
	8.

HAZARDOUS

CONDITION
	9.

CAUSE
	10.

EFFECT
	11.

ASSESS-MENT

S/P/R
	12.

CONTROL(S) & MITIGATING FACTOR(S)
	13.

VERIFICATION
	14.

DISPOSITION:

TRACKING

STATUS

	
	
	Inadvertent release from system – leak, spill, other 
	
	
	
	
	

	
	Exposure of equipment/materials to elevated oxygen concentrations
	Intentional release from system – vent, opening system during normal operations, etc.
	
	
	
	
	

	
	
	Inadvertent release from system – leak, spill, other 
	
	
	
	
	

	
	Liquid contact with incompatible material(s)
	Inadvertent release from system – leak, spill, other 
	
	
	
	
	

	
	Other?
	
	
	
	
	
	

	CRYOGENICS [specify type(s)]

	
	Exposure of personnel to extreme low temperatures
	Intentional release from system – vent, opening system during normal operations, etc.
	
	
	
	
	

	
	
	Inadvertent release from
	
	
	
	
	


	7.
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	system – leak, spill, other 
	
	
	
	
	

	
	
	Contact with cold surfaces during operations
	
	
	
	
	

	
	Exposure of material/equipment to extreme low temperatures
	
	
	
	
	
	

	
	Oxygen depletion / displacement
	
	
	
	
	
	

	
	Liquid lock / gas expansion
	No ullage volume provided for cryogen containing lines.
	
	
	
	
	

	
	
	No relief protection provided for cryogen containing lines.
	
	
	
	
	

	
	Liquid air formation
	Air condensation on uninsulated cryo-cooled surfaces
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	Other?
	
	
	
	
	
	

	FIRE

	
	Exposure of combustible materials to ignition energy 
	High heat source, open flame, friction, electrical, chemical, etc…
	
	
	
	
	

	
	Other?
	
	
	
	
	
	

	EXPLOSION

	
	Exposure of personnel and systems to overpressure
	
	
	
	
	
	

	
	Exposure of personnel and systems to flying fragments and debris
	
	
	
	
	
	

	
	Exposure of personnel and systems to high heat flash/flame
	
	
	
	
	
	

	
	Other?
	
	
	
	
	
	

	ENVIRONMENTAL

	
	Exposure of air to contamination [delineate types of contaminants if appropriate]
	
	
	
	
	
	


	7.

NUMBER
	8.

HAZARDOUS

CONDITION
	9.

CAUSE
	10.

EFFECT
	11.

ASSESS-MENT

S/P/R
	12.

CONTROL(S) & MITIGATING FACTOR(S)
	13.

VERIFICATION
	14.

DISPOSITION:

TRACKING

STATUS

	
	Exposure of groundwater to contamination [delineate types of contaminants if appropriate]
	
	
	
	
	
	

	
	Exposure of soil to contamination [delineate types of contaminants if appropriate]
	
	
	
	
	
	

	
	Exposure of personnel and equipment to sand/dust
	
	
	
	
	
	

	
	Exposure of personnel and equipment to high wind
	
	
	
	
	
	

	
	Exposure of personnel and equipment to precipitation
	
	
	
	
	
	

	
	Exposure of personnel and equipment to lightning
	
	
	
	
	
	

	
	Exposure of equipment to temperature extremes
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	Other?
	
	
	
	
	
	

	Electrical

	
	Exposure of personnel to electricity
	Powered equipment
	
	
	
	
	

	
	
	Static discharge
	
	
	
	
	

	
	
	Short circuits
	
	
	
	
	

	
	
	Corona
	
	
	
	
	

	
	Exposure of equipment to uncontrolled electricity.
	Static discharge
	
	
	
	
	

	
	
	Short circuits
	
	
	
	
	

	
	
	Corona
	
	
	
	
	

	
	Other?
	
	
	
	
	
	

	Loss of habitability/confined space

	
	Exposure of personnel to high/low oxygen concentration
	
	
	
	
	
	

	
	Exposure of personnel to high/low pressure
	
	
	
	
	
	

	
	Exposure of personnel to temperature extremes
	
	
	
	
	
	

	
	Exposure of personnel to high/low humidity
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	Exposure of personnel to airborne particulate
	
	
	
	
	
	

	
	Exposure of personnel to toxic atmosphere
	
	
	
	
	
	

	
	Exposure of personnel to harmful organisms (fungus, mold, bacteria, virus)
	
	
	
	
	
	

	
	Other?
	
	
	
	
	
	

	Impact/Collision

	
	Exposure of personnel to moving, rotating equipment
	
	
	
	
	
	

	
	Exposure of personnel and equipment to mechanical and/or acoustical shock and/or vibration
	
	
	
	
	
	

	
	Exposure of personnel and equipment to detached, unrestrained equipment [falling objects]
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	Other?
	
	
	
	
	
	

	Radiation

	
	Exposure of personnel and equipment to ionizing radiation sources
	x-ray, alpha, beta, gamma emitters, neutron generators
	
	
	
	
	

	
	Exposure of personnel and equipment to non-ionizing radiation sources
	microwave, infrared, UV, lasers
	
	
	
	
	

	PYROTECHNICS

	
	Inadvertent actuation of ordnance
	
	
	
	
	
	

	
	Exposure of personnel to misfired ordnance
	
	
	
	
	
	

	
	Other?
	
	
	
	
	
	

	OTHER

	
	Exposure of personnel to harmful noise levels
	
	
	
	
	
	

	
	Exposure of personnel to high/low sound frequencies
	
	
	(a) 
	
	
	

	
	Exposure of personnel to sharp edges
	
	
	(b) 
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	Impaired visibility of personnel during operations
	
	
	(c) 
	
	
	

	
	Interruption and/or loss of communications and emergency notification ability
	
	
	(d) 
	
	
	

	
	Exposure of personnel to asbestos
	
	
	
	
	
	

	
	Inadequate egress routes for personnel during operations
	
	
	
	
	
	














Admin control - training





Operational control





Design controls





PPE – last line of defense
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