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SECTION 1.0

GENERAL CONSIDERATIONS

1.1 PURPOSE

This document defines the requirements for the Safety & Mission Assurance (S&MA) Program for the DELTA IV Program and its associated ground support equipment (GSE), and test facilities. The S&MA Program is comprised of 3 basic plans: System Safety, Operational/Industrial Safety, and Quality Assurance.  Each plan identifies, defines, mitigates, and or controls potential hazards, as well as outlining the operational interfaces among safety and quality-related organizations.  In addition, the plans serve to integrate safety and quality related activities to minimize duplication of effort. These plans will be maintained as necessary throughout the program to identify new tasks, refine information and data, or provide additional detail required for effective program management.

1.2 OBJECTIVES

The objectives of the S&MA Program are to ensure that hazards involving personnel, equipment, or hardware have been identified and are either eliminated, controlled, or managed as an accepted risk in accordance with established engineering practices. These objectives are accomplished by a risk assessment methodolgy including: safety and trade studies; design, documentation and procedure reviews; System Safety analyses; training; safety & quality audits and inspections, surveillance, and monitoring activities. The specific objectives of the DELTA IV S&MA program are to assure the following:

a. Safety consistent with requirements is designed into the system.

b. Appropriate controls over identified hazards are established to protect personnel, equipment, and property.

c. Minimum risk is involved in the acceptance and use of new materials and production techniques.

d. Hazards associated with each system, subsystem, and equipment are identified, and are either eliminated or controlled in accordance with recognized standards.

e. Relevant safety factors and provisions are included in the initial engineering and design efforts to minimize retrofit actions required by hazards which could be present if safety design principles were not considered.

f. System safety engineering considerations are integrated into all design development, quality assurance, maintainability, reliability, maintenance engineering, and test and evaluation efforts.

g. Inherent safety is not compromised during any phase of the effort.

h. Safe operating procedures are established in the project.

1.3 APPLICABLE DOCUMENTS

a.    Public Law 91-596, The Occupational Safety and Health act of 1970.


b.   29 CFR 1910, 1929,1960, OSHA for General Industry, Construction, and Federal Agencies

c.    NPG 1700.1 (VI-B), NASA Safety Policy and Requirements Document, dated June 1993
d.    SPG 8715.1,  SSC Safety and Health Procedures Manual

e. SPD 1700.4B,  SSC Operational Readiness Program 

f. NPD 8621.1D, NASA Mishap Reporting and Investigation Policy

g. SPG 5300.1C, SSC Customer Service Manual
1.4  ORGANIZATION

TBD

Section 2.0

 System Safety Plan

2.1 SYSTEM SAFETY CRITERIA

A System Safety program will be implemented whereby the application of engineering and management principles, criteria, and techniques are employed to optimize personnel and equipment safety within the constraints of operational effectiveness, time, and cost throughout all phases of the system life cycle.

2.2 SYSTEM SAFETY DESIGN REQUIREMENTS
System safety design requirements criteria will be specified after review of pertinent standards, specifications, regulations, design handbooks, safety design checklists, and other sources of design guidance for applicability to the design of the system.  Safety design criteria will be derived from all applicable data including the preliminary hazard analyses if available.  This criterion shall be the basis for developing system specification safety requirements.  Some general system safety design requirements are:


a.
Eliminate identified hazards or reduce associated risk through design, including material selection or substitution.  When potentially hazardous materials must be used, select those with least risk throughout the life cycle of the system.


b.
Isolate hazardous substances, components, and operations from other activities, areas, personnel, and incompatible materials.


c.
Locate equipment so that access during operations, servicing, maintenance, repair, or adjustment minimizes personnel exposure to hazards (e.g., hazardous chemicals, high voltage, electromagnetic radiation, cutting edges, or sharp points).


d.
Minimize risk resulting from excessive environmental conditions (e.g., temperature, pressure, noise, toxicity, acceleration and vibration).


e.
Design to minimize risk created by human error in the operation and support of the system.


f.
Consider alternate approaches to minimize risk from hazards that cannot be eliminated. Such approaches include interlocks, redundancy, fail safe design, system protection, fire suppression, and protective clothing, equipment, devices, and procedures.


g.
Protect the power sources, controls and critical components of redundant subsystems by physical separation or shielding.


h.
When alternate design approaches cannot eliminate the hazard, provide safety and warning devices and warning and caution notes in assembly, operations, maintenance, and repair instructions, and distinctive markings on hazardous components and materials, equipment, and facilities to ensure personnel and equipment protection.  These shall be standardized in accordance with commonly accepted practice. Minimize the severity of personnel injury or damage to equipment in the event of a mishap.


i.
Design software controlled or monitored functions to minimize initiation of hazardous events or mishaps.


j.
Review design criteria for inadequate or overly restrictive requirements regarding safety.  Recommend a new design criterion supported by study, analyses, or test data.


2.3 HAZARD REDUCTION PRECEDENCE 

The order of precedence for satisfying system safety requirements and resolving identified hazards shall be as follows:

a.
Design for minimum risk - From the first, design to eliminate hazards.  If an identified   hazard cannot be eliminated, reduce the associated risk to an acceptable level through design selection.

b.    Incorporate safety devices - If identified hazards cannot be eliminated or their associated risk adequately reduced through design selection, that risk shall be reduced to a level acceptable   through the use of fixed, automatic, or other protective safety design features or devices.  Provisions shall be made for periodic functional checks of safety devices when applicable.

c.
Provide warning devices - When neither design nor safety devices can effectively  eliminate identified hazards or adequately reduce associated risk, devices shall be used to detect the condition and to produce an adequate warning signal to alert personnel of the hazard.  Warning signals and their application shall be designed to minimize the probability of incorrect personnel reaction to the signals and shall be standardized within like types of systems.

d.
Develop procedures and training - Where it is impractical to eliminate hazards through design selection or adequately reduce the associated risk with safety and warning devices, procedures and training shall be used.  Procedures may include the use of personal protective equipment.   

2.4 HAZARD SEVERITY CLASSIFICATION

Hazard severity categories are defined to provide a qualitative measure of the worst credible mishap resulting from personnel error; environmental conditions; design inadequacies; procedural deficiencies; or system, subsystem or component failure or malfunction as shown at Table 2.1.

TABLE 2.1 HAZARD SEVERITY CATEGORIES

Description
Category
Definition



CATASTROPHIC
I
Death, system loss, or severe environmental damage.

CRITICAL
II
Severe injury, severe occupational illness, major system or environmental damage.

MARGINAL
III
Minor injury, minor occupational illness, or minor system or environmental damage.

NEGLIGIBLE
IV
Less than minor injury, occupational illness, or less than minor system or environmental damage.



2.5 HAZARD PROBABILITY

The probability that a hazard will be created during the planned life expectancy of the system can be described in potential occurrences per unit of time, events, population, items, or activity.  Assigning a quantitative hazard probability to a potential design or procedural hazard is generally not possible early in the design process.  A qualitative hazard probability may be derived from research, analysis, and evaluation of historical safety data from similar systems.  Supporting rationale for assigning a hazard probability shall be documented in hazard analysis reports.  An example of a qualitative hazard probability ranking is shown at Table 2.2.

TABLE  2.2  HAZARD PROBABILITY LEVELS

Description*
 Level
Specific Individual Item
 Fleet or Inventory**



FREQUENT
    A
Likely to occur frequently
Continuously experienced



PROBABLE
    B
Will occur several times in the life of an item.
Will occur frequently

OCCASIONAL
    C
Likely to occur some time in the life of an item
Will occur several times

REMOTE
    D
Unlikely but possible to occur in the life of an item
Unlikely but can reasonably be expected to occur

IMPROBABLE
    E
So unlikely, it can be assumed occurrence may not be experienced
Unlikely to occur, but possible

 *Definitions of descriptive words may have to be modified based on quantity involved.

 **The size of the fleet or inventory should be defined.

2.6  TECHNICAL ANALYSIS REQUIREMENTS

Qualitative analysis are performed to identify hazardous conditions for the purpose of their elimination or control.

2.6.1 PRELIMINARY HAZARD ANALYSIS

A Preliminary Hazard Analysis will be performed to obtain an initial risk assessment of a concept or system.  Based on the best available data, including mishap data (if assessable) from similar systems and other lessons learned, hazards associated with the proposed design or function shall be evaluated for hazard severity, hazard probability, and operational constraint.  Safety provisions and alternatives needed to eliminate hazards or reduce their associated risk to an acceptable level shall be included. The PHA shall consider the following for identification and evaluation of hazards as a minimum:


a.
Hazardous components (e.g., fuels, propellants, lasers, explosives, toxic substances, hazardous construction materials, pressure systems, and other energy sources).  


b.
Safety related interface considerations among various elements of the system (e.g., material compatibility, electromagnetic interference, inadvertent activation, fire/explosive initiation and propagation, and hardware and software controls).  This shall include consideration of the potential contribution by software (including software developed by other contractors/sources) to subsystem/system mishaps.  Safety design criteria to control safety-critical software commands and responses (e.g., inadvertent command, failure to command, untimely command or responses, inappropriate magnitude) shall be identified and appropriate action taken to incorporate them in the software (and related hardware) specifications.


c.
Environmental constraints including the operating environments (e.g., drop, shock, vibration, extreme temperatures, noise, exposure to toxic substances, health hazards, fire, electrostatic discharge, lightning, electromagnetic environmental effects, ionizing and non-ionizing radiation  including laser radiation). 


d.
Operating, test, maintenance, built-in-tests, diagnostics, and emergency procedures (e.g., human factors engineering, human error analysis of operator functions, tasks, and requirements; effect of factors such as equipment layout, lighting requirements, potential exposures to toxic materials, effects of noise or  radiation on human performance; explosive ordnance render safe and emergency disposal procedures; life support requirements and their safety implications in manned systems, crash safety, egress, rescue, survival, and salvage).  Those test unique hazards, which will be a direct result of the test and evaluation of the article or vehicle.


e.
Facilities, real property installed equipment, support equipment (e.g., provisions for storage, assembly, checkout, proof testing of hazardous systems/assemblies which may involve toxic, flammable, explosive, corrosive or cryogenic materials/wastes; radiation or noise emitters; electrical power sources) and training (e.g. training and certification pertaining to safety operations and maintenance). 


f.
Safety related equipment, safeguards, and possible alternate approaches (e.g., interlocks; system redundancy; fail safe design considerations using hardware or software controls; subsystem protection; fire detection and suppression systems; personal protective equipment; heating, ventilation, and air-conditioning; and noise or  radiation barriers).


g.
Malfunctions to the system, subsystems, or software.  Each malfunction shall be specified, the causing and resulting sequence of events determined, the degree of hazard determined, and appropriate specification and/or design changes developed.

2.6.2 SUBSYSTEM HAZARD ANALYSIS


A Subsystem Hazard Analysis will be performed to identify all components and equipment that could result in a hazard or whose design does not satisfy contractual safety requirements.. This will include government-furnished equipment, non-developmental items, and software. Areas to consider are performance, performance degradation, functional failures, timing errors, design errors or defects, or inadvertent functioning.  The human shall be considered a component within a subsystem, receiving both inputs and initiating outputs, during the conduct of this analysis.


The analysis shall include a determination:


a.
Of the modes of failure including reasonable human errors as well as single point and common mode failures, and the effects on safety when failures occur in subsystem components.  


b.
Of potential contribution of hardware and software (including that which is developed by other contractors/sources) events, faults, and occurrences (such as improper timing) on the safety of the subsystem.


c.
That the safety design criteria in the hardware, software, and facilities specification(s) have been satisfied.


d.
That the method of implementation of hardware, software, and facilities design requirements and corrective actions has not impaired or decreased the safety of the subsystem nor has it introduced any new hazards or risks.


e.
Of the implementation of safety design requirements from top level specifications to detailed design specifications for the subsystem.  The implementation of safety design requirements developed, as part of the PHA shall be analyzed to ensure that it satisfies the intent of the requirements.


f.
Of test plan and procedure recommendations to integrated safety testing into the hardware and software test programs.


g.
Those system level hazards attributed to the subsystem are analyzed and that adequate control of the potential hazard is implemented in the design.


2.6.3 SYSTEM HAZARD ANALYSIS


A system hazard analysis will be performed to identify hazards and assess the risk of the total 
system design, 
including software, and specifically of the subsystem interfaces. This analysis 
shall include a review of subsystem interrelationships for:


a.
Compliance with specified safety design criteria.


b.
Possible independent, dependent, and simultaneous hazardous events including system failures; failures of safety devices; common cause failures and events; and system interactions that could create a hazard or result in an increase in mishap risk..  


c.
Degradation in the safety of a subsystem or the total system from normal operation of another subsystem.


d.
Design changes that affect subsystems.


e.
Effects of reasonable human errors.


f.
Determination:



(1)
Of potential contribution of hardware and software(including that which is developed by other contractors/sources, or Commercial Off-The-Shelf hardware or software) events, faults and occurrences (such as improper timing) on safety of the system.



(2)
That the safety design criteria in the hardware, software, and facilities specification(s) have been satisfied.



(3)
That the method of implementation of the hardware, software, and facilities design requirements and corrective actions has not impaired or degraded the safety of the system nor has introduced any new hazards. 

 
2.6.4 OPERATING AND SUPPORT HAZARD ANALYSIS


An Operating and Support Hazard Analysis (O&SHA) will be performed to examine procedurally controlled activities.  The O&SHA identifies and evaluates hazards resulting from the implementation of operations or tasks performed by persons, considering:  the planned system configuration/state at each phase of activity; the facility interfaces; the planned environments (or ranges thereof); the supporting tools or other equipment, including software controlled automatic test equipment, specified for use; operational/task sequence, concurrent task effects and limitations; biotechnological factors, regulatory or contractually specified personnel safety and health requirements; and the potential for unplanned events including hazard introduced by human errors. The human shall be considered an element of the total system, receiving both inputs and initiating outputs during the conduct of this analysis.  The O&SHA must identify the safety requirements (or alternatives) needed to eliminate or control identified hazards, or to reduce the associated risk to a level which is acceptable under either regulatory or contractually specified criteria.  

 
The analysis shall identify:


a.
Activities, which occur under hazardous conditions, their time periods, and the actions, required to minimize risk during these activities/time periods.


b.
Changes needed in functional or design requirements for system hardware/software, facilities, tooling, or support/test equipment to eliminate or control hazards or reduce associated risks.


c.
Requirements for safety devices and equipment, including personnel safety and life support equipment.


d.
Warnings, cautions, and special emergency procedures (e.g., egress, rescue, escape, render safe, explosive ordnance disposal, back-out, etc.), including those necessitated by failure of a computer software-controlled operation to produce the expected and required safe result or indication.


e.
Requirements for packaging, handling, storage, transportation, maintenance, and disposal of hazardous materials.


f.
Requirements for safety training and personnel certification. 


g.
Effects of non-developmental hardware and software across the interface with other system components or subsystems.


h.
Potentially hazardous system states under operator control.


2.6.5 SAFETY ASSESSMENT


The contractor shall perform and document a safety assessment to identify all safety features of 
the hardware, software, and system design and to identify procedural, hardware and software 
related hazards that may be present in the system being acquired including specific procedural 
controls and precautions  that should be followed.


  The safety assessment shall summarize:


a.
The safety criteria and methodology used to classify and rank hazards, plus any assumptions on which the criteria or methodologies were based or derived.


b.
The results of analyses and tests performed to identify hazards inherent in the system, including:



(1)
Those hazards that still have a residual risk, and the actions that have been taken to reduce the associated risk to a level contractually specified as acceptable.



(2)
Results of tests conducted to validate safety criteria, requirements and analyses.


c.
The results of the safety program efforts.  Include a list of all significant hazards along with specific safety recommendations or precautions required to ensure safety of personnel, property, or the environment.  Categorize the list of hazards as to whether or not they may be expected under normal or abnormal operating conditions.


d.
Any hazardous materials generated by or used in the system, including:  



(1)
Identification of material type, quantity, and potential hazards. 



(2)
Safety precautions and procedures necessary during use, packaging, handling, storage, transportation, and disposal (e.g., explosive ordnance disposal).  Include all explosives hazard classifications.



(3)
A copy of the Material Safety Data Sheet (OSHA Form 174, or equivalent manufacturers format).

e. 
Conclude with a signed statement that all identified hazards have been eliminated or their associated risks controlled to levels contractually specified as acceptable, and that the system is ready to test or operate or proceed to the next acquisition phase.  In addition, the contractor shall make recommendations applicable to hazards at the interface of his system with the other system(s) as contractually

 2.7 ACTION TAKEN ON IDENTIFIED HAZARDS

Action shall be taken to eliminate identified hazards or reduce the associated risk to a previously defined level.  Catastrophic, critical and other hazards shall not rely solely on warnings, cautions or procedures/training for control of risk.  If this is impossible or impractical, alternatives shall be recommended.

2.7.1 RISK IMPACT

The risk impact shall be assessed, as necessary, to discriminate between hazards having the same hazard risk index.  This impact consists of the effect and cost of an identified risk in terms of mission capabilities, and social, economic and political factors.  (Example- Release of small amount of radioactive material may not cause direct physical damage or equipment damage, but can cause extreme damage socially and politically to a program.)

2.7.2 RESIDUAL HAZARDS

Those catastrophic and critical hazards which have not been eliminated or controlled shall be identified to DELTA IV Program Management and closed as accepted risks. Continuation of effort to eliminate or reduce such hazards shall be accomplished throughout the program by maintaining awareness of new safety technology or devices being developed and their application. Justification for the closure of catastrophic or critical hazards as accepted risks shall be documented.

2.7.3 HAZARD ANALYSIS CLOSURE CRITERIA

A hazard analysis shall be considered closed when approved by DELTA IV Program Management and:

       a. The hazard has been eliminated by a confirmed design change.


b.
The hazard has been reduced to an acceptable level (controlled hazard), and this 
reduction has been verified by way of a successful completion of the required verification 
program, analytical study and/or training program.


c.
The hazard has been assessed and the risk has been accepted by DELTA IV Program 

Management.

2.8 SPECIFIC SYSTEM SAFETY REQUIREMENTS

The DELTA IV Program System Safety Requirements are as follows: (Appendix A., Table A-1 System Safety Matrix gives Specific System Safety Task Requirements for the DELTA IV Program.) 

2.8.1  NASA


NASA will be responsible for:

a.  Oversight of System Safety effort

b.  Review of  all System Safety Analysis from contractors

c.  Communicating Risk level to NASA management

d.  Providing System Safety insight/management for DELTA IV Program Management



e.    Identifying any additional System Safety tasks required

2.8.2  BOEING


Boeing will be responsible for:

a.  Providing oversight of BOEING specific System Safety Effort

b.  Performing/Providing System Safety Analysis of Flight Article, Ground Handling Equipment, and/or Contractor Furnished Equipment.

c.    Submitting a copy of same System Safety Analyses to NASA for scrutiny and archival 

2.8.3  SVERDRUP


Sverdrup will be responsible for:

a.  Providing oversight of the Sverdrup specific System Safety Effort

b.  Performing/providing of Facility Subsystem Hazard Analysis (per Section 2.6.2) on all subsystems under their design, with updates to be provided at Preliminary Design Review (PDR), Critical Design Review (CDR) and in conjunction with final design package approval.

c.  Submitting,  for NASA approval, both the incremental products and the finished Facility Subsystems Hazard Analysis  prior to or in conjunction with final design package approval.

2.8.4  LMSO


LMSO will be responsible for:

a.  Providing oversight of the LMSO specific System Safety Program

b.  Reviewing of Sverdrup, JCWS Facility Subsystem Hazard Analysis

c.  Performing/providing Facility System Hazard Analysis (per Section 2.6.3) on all project associated systems

d.  Submitting for NASA approval the Facility System Hazard Analysis

e.  Inputting of any applicable information into the Hazard Abatement Tracking System (HATS)

f.  Assuring all pressure systems designs are properly documented and coordinated with the Pressure Systems Steering Committee.

2.8.5  JCWS


JCWS will be responsible for:

a.  Providing oversight of JCWS specific System Safety Program

b.  Performing/providing Facility Subsystem Hazard Analysis (per Section 2.6.2) on all subsystems under their design



c.    Performing/providing siting analysis for the Flare Stack Subsystem

d.    Submitting, for NASA approval, the Facility Subsystem Hazard Analysis and Flare Stack siting Analysis

SECTION 3.0

OPERATIONAL/INDUSTRIAL SAFETY PLAN

3.1 SAFETY SURVEILLANCE

Safety will perform Inspections and Audits to verify conformance to program safety requirements. These surveillance measures are performed periodically throughout the program life cycle.  The basis for these surveillance measures is recognized federal codes, NASA standards, and any existing local standards in existence. 

3.1.1 SAFETY INSPECTION AND MONITORING

Safety personnel observe project related activities,  to include construction and hazardous tests/operations to insure adherence to safety principles and compliance with safety requirements and checklists. Safety Inspection/Walkthroughs will be conducted on a periodic basis not less than weekly as per SPG 8715.1 The SSC Safety and Health Procedures Manual. Construction Safety reviews will be conducted (with the same frequency).  Additionally, construction contractors will submit a safety plan describing their program to insure a safety and healthful work environment

3.1.2  SAFETY AUDITS

Program Level Safety Audits will be conducted on a periodic basis. The scheduling of audits is usually in conjunction with other internal audits with the results documented and published by the primary audit group. A log is maintained for follow-up and closeout of safety findings. The frequency of audit is tailored to program requirements governed by the performance of the subcontractor or facility being audited

3.1.3  CODE REQUIREMENTS ANALYSIS AND SURVEYS

A determination of code requirements is oftentimes necessary to lay a foundation for future compliance activity orchestration. The analysis provides an underpinning for code compliance audits to come. Initial evaluation of project plans indicates the need for compliance to applicable codes and consequently safety representative undertakes an analysis of all potentially code requirements. The analysis will determine the specific code sections which apply and the effect of these requirements on project tasks, schedules, and human resources planning. Results of this analysis shall be documented and submitted to provide guidance in project planning and management functions. Code compliance surveys are developed when a working knowledge is gained of the applicable codes, and a schedule can be developed for performing the surveys. The Ht survey team in a report documents discrepancies between project activities and identified codes. Follow-up and closeout procedures for recommended corrective actions will be described in the survey plan.


3.1.4 HAZARD TRACKING

When hazards are identified which require additional action for reduction to an acceptable level, safety hazard tracking is performed. Hazard tracking applies to all identified hazards requiring resolution that are identified by hazard analysis, audits or mishap investigation. Hazard Tracking will be accomplished through the Hazard Abatement Tracking System (HATS). The objectives of hazard tracking are to:

a. Ensure that all unresolved hazards and safety concerns are appropriately tracked for resolution.

b. Provide a record of all identified hazards requiring additional action for resolution.

c. Provide management with visibility of open hazard status.

3.2  PROCEDURE REVIEW

Procedure review will be conducted to identify potential hazards inherent in the operation of the system/facility and to recommend risk reduction alternatives to the project manager. It review shall incorporate all phases of the project to ensure that when hazardous activities occur, the following actions will be taken:

a. Active steps will be taken to minimize the risk associated with the hazardous operation.

b. Requirements for safety feature, devices, and equipment will be generated.

c. Warnings, cautions, and special procedures will be generated 

3.3 SAFETY TRAINING

Safety, in conjunction with program management will identify specific tasks on the DELTA IV program that require training and certification. The identification of these tasks results from the Hazard Analysis Program and from program associated mishaps, i.e. the task must be significantly more difficult than routine tasks of the same or similar type, or failure to perform the task properly will result in a potential hazardous event. When such conditions are present, personnel assigned to the task must be specifically trained or skilled for the task, with the ability to demonstrate the necessary skills. Safety assures that:

a.  The hazardous tasks are identified

b.  Procedures restrict task performance to skilled personnel trained for the task

c.  Only individuals with current certification status perform the task

d.   Proper training is provided where requirement from a safety standpoint.

3.4
 OPERATIONAL READINESS INSPECTION / SAFETY REVIEW

The purpose of the ORI/SR is to ensure, for the DELTA IV Program, that prior to the first operation adequate measures have been taken to ensure the safety of the safety of the system and its operator over the design operating range of the system. Safety participation generally consists of evaluation of the facility redesign and / or presentation of the hazard analysis for the test hardware including results, conclusions, and resolution status of the hazards. The ORI/SRT will be orchestrated in accordance with SPD 1700.4B – SSC Operational Readiness Program. The ORI/SR is intended to demonstrate that for a given system the following tasks have been completed, documented, and reviewed for safety concerns:

a.  Any project related Safety/Reliability/Maintainability concerns are evaluated and the 
associated risk are accepted.

b.  Operating procedures have been prepared and are complete and clear


c.
Operating crews are properly trained and certified.

3.5
 TEST READINESS REVIEW

Safety considerations shall form a major part of the test planning during the test and evaluation phase of the DELTA IV program.  Existing safety analysis reports and other safety data shall be provided and all safety requirements for both hardware and software testing shall be identified. Test Plans are reviewed by System Safety to ensure recognition and control of potential hazards; and identify verification that will provide substantiation of the effectiveness of designs, safety devices, warnings or procedures implemented to reduce hazards

3.6  SAFE ALERTS 

Problems with parts, materials or equipment which are mutual concern to NASA and associated contractors will be reported by using the NASA alerts system per NHB 5310.1 - Procedures for NASA Alert Reporting of Parts Materials, and Safety Problems. Contractors will develop a systematic approach to evaluate and respond to all NASA Alerts and to investigate, resolve, and document parts and materials problems.

3.7 MISHAP REPORTING AND INVESTIGATION

Any unplanned occurrence, event, or sequence of events that results in on or more of the following: Injury and/or death to employees or visitors, and/or other loss of resources. All mishaps will be reported and investigated in compliance with this chapter and NPD 8621.1D – the NASA Mishap Reporting and Investigation Policy. Reportable mishaps include fatalities, injuries/illnesses requiring more than first aid treatment; damage to or loss of NASA equipment/property equal to or greater than $1,000; and mission failures where less than majority of stated objectives are met (dollar value is not a criterion); and close calls with high severity potential  Mishap reporting and investigation consists of reporting DELTA IV mishaps involving personnel, hardware or resources, providing prompt investigation and follow-up to minimize adverse effects, and providing adequate and timely corrective action. NASA standard form 1627 will be filled out for all reportable. The Contractor will use the Incident Reporting Information System for documenting and transmitting the 1627’s. The initial notification via 1627 will be made within 24 hours of the mishap.

3.8 LESSONS LEARNED INFORMATION SYSTEM 

NASA and its contractors will contribute to the Lessons Learned Information System (LLIS).  Safety lessons learned during the performance of management and technical functional activities shall be developed and disseminated to program managers and throughout NASA Field Installations and Headquarters by cognizant personnel to improve understanding of hazards, prevent the occurrence of accidents, and suggest better ways of implementing system safety programs.  In addition to contributing appropriate information to the LLIS, safety managers will include this information in program, procurement, and Field Installation newsletters to communicate more effectively with management. Lessons learned that indicate the need to revise source documents (e.g., Instructions, Handbooks, specifications, and standards) shall be submitted directly to the preparer of the document.  The LLIS will provide a library of lessons learned data for use by Program Managers, design engineers, and safety personnel. 

3.9  HAZARDOUS MATERIAL CONTROL

An effective program that allows for safety and efficient use and control of hazardous or exotic substances shall be developed. Policies and specific procedures will be developed for the proper use of such substances. Contractor will provide a Hazard Communication program for their personnel.

3.10  SPECIFIC OPERATIONAL/INDUSTRIAL SAFETY REQUIREMENTS

The Specific Operational/Industrial Safety Requirement are as follows: (Appendix B., Table B-1 Operational/Industrial Safety Matrix gives Specific Operational/Industrial Safety Task Requirements for the DELTA IV Program)

3.10.1 NASA


NASA will be responsible for:

a.  Providing oversight of Operational/Industrial Safety effort

b.  Reviewing of all Operating and Support Hazard Analysis performed System Safety Analysis from contractors

c.  Communicating Risk level to NASA management

d.  Providing Operational/Industrial Safety insight/management for DELTA IV Program Management

e.  Assuring participation in NASA Safety Alerts System

f.  Assuring participation in IRIS 

g.  Assuring participation in LLIS

h.  Assuring the conduct of HAZMAT program

i.  Assuring the conduct of a Safety Training/Certification program

j.  Reviewing Procedures

k.  Assuring the conduct and contractor participation in Operational Readiness Inspection Activities (ORI)



l.     Assuring the conduct and contractor participation in Test Readiness Review

      
m.   Identifying any additional Operational/Industrial Safety tasks required

3.10.2 BOEING


Boeing will be responsible for:

a.  Providing oversight of Boeing specific Operational/Industrial Safety Effort

b.  Performing/Providing Operating and Support Hazard Analysis (per Section 2.6.4) of Flight Article, Ground Handling Equipment, and/or Contractor Furnished Equipment.



c.    Submitting a copy of any O&SHA performed for NASA scrutiny and archival

c.    Participating in NASA Safe Alerts System

d.    Participating in IRIS 

g.  Participating in LLIS

h.  Conducting a Boeing specific HAZMAT program

i.      Participating in/supporting Operational Readiness Inspection Activities (ORI)



j..    Participating in/supporting Test Readiness Review

3.10.3 SVERDRUP


Sverdrup will be responsible for:

a.  Providing oversight of Sverdrup specific Operational/Industrial Safety Effort

b.  Performing/providing of Facility Operating and Support Hazard Analysis (per Section 2.6.4) on all subsystems under their design

c.  Submitting,  for NASA approval, any O&SHA

3.10.4 LMSO


LMSO will be responsible for:

a.  Providing oversight of the LMSO specific Operational/Industrial Safety Effort 

b.    Reviewing any Boeing, Sverdrup Operating and Support Hazard Analysis (O&SHA)

 (per Section      ) 

c.    Performing/Providing NASA elected Facility OSHA

d.    Submitting, for NASA approval, the Facility O&SHA Hazard Analysis

e.    Participating in NASA Safe Alerts System

f.    Participating in IRIS 

g.     Participating in LLIS

h.  Conducting a  specific HAZMAT program

i.  Performing weekly Facility, Construction Compliance Walkthroughs, submitting 

reports to NASA.

i.  Inputting of any applicable information into the Hazard Abatement Tracking System

 (HATS)

k.    Conducting of a Safety Training/Certification program

l.      Participating in/supporting Operational Readiness Inspection Activities (ORI)

m.  Participating in/supporting Test Readiness Review



n.    Reviewing Procedures


3.10.5 JCWS


JCWS will be responsible for:

a.  Providing oversight of JCWS specific Operational/Industrial Safety Effort

b.    Participating in NASA Safe Alerts System

c.    Participating in IRIS 

d.     Participating in LLIS

e.    Conducting a specific HAZMAT program

f.      Participating in/supporting Operational Readiness Inspection Activities (ORI)



g..    Participating in/supporting Test Readiness Review

Section 4.0

 Quality Assurance Plan

4.1 QUALITY CONTROL SYSTEM 

This Plan describes the Quality Control System and the methods to be implemented by NASA, BOEING, LMSO AND JCWS to assure quality during DELTA IV Test Program.  The Quality Control System shall provide for inspection, witnessing and auditing of test and construction activities performed by NASA, BOEING, LMSO AND JCWS. These activities are described as follows:

· Inspection of pre-construction activities, in-progress and completed construction is performed to    
verify compliance with specifications and drawings.

· Witnessing of tests is performed to verify compliance with specified test methods and

requirements.  The objective of witnessing tests is to establish confidence that the test is 

reporting the true physical condition of the operations.

-
Auditing of documentation and procedures is performed to verify correctness of data, completeness of coverage, retrievability as filed, timeliness of scheduling, and action taken on inspection and testing results.  The objective of documentation auditing is to establish confidence that required inspection and testing documents accurately reflect the activities performed. 

4.2 QUALITY ASSURANCE REQUIREMENTS

Quality will perform structured surveillance, inspections, monitoring and audits to verify compliance with program established requirements. These surveillance measures are performed periodically throughout the program life cycle.  The basis for these surveillance measures is recognized federal codes, NASA standards, operational work instructions and applicable existing local standards. 

4.2.1 QUALITY INSPECTION AND MONITORING

Quality or Quality designee personnel shall observe projects related activities, to include construction and hazardous tests/operations to insure adherence to principles and compliance with quality requirements and established checklists. Operational Quality Inspection/Walkthroughs, as well as Construction reviews will be conducted on a periodic basis not less than weekly. Additionally, Test Article Customers should submit a Test Program Quality Plan for information purposes only.   Construction contractors will submit a quality plan describing their program to ensure all material, equipment, and services conform to contract and engineering requirements.  The quality plan shall also include “auditable quality” records that will provide written confirmation that all contract requirements have been fulfilled.

4.3 QUALITY ELEMENTS

Quality elements to be addressed in this plan are as follows:


- Design and Data Control (4.3.1)


- Document Control (4.3.2)


- Procurement Controls (4.3.3)


- Inspection and Testing (4.3.4)


- Metrology Control (4.3.5)


- Welding Control (4.3.6)


- Fabrication Control (4.3.7)


- Stamp Control System (4.3.8)

- Nonconformance Control (4.3.9)

- Handling, Packaging and Storage Controls (4.3.10)


4.3.1
DESIGN AND DATA CONTROL

Design drawings and technical specifications shall be baselined, controlled, and maintained by the throughout the duration of the test program.  Changes to design drawings and specifications shall be submitted to the Configuration Control Board (CCB) for review and approval.


4.3.2
DOCUMENT CONTROL

Documents such as PRD, specifications and drawings shall be issued and controlled by Documentation Control. An up-to-date database of drawings and specifications shall be maintained to assure that the latest revision is available for use. Documentation Control shall be responsible for storing all records, shop drawings, test reports, Manufacturer Catalog Data, and other deliverables required by the mechanical contract as well as GFE documentation and records.

PRIVATE 
 4.3.3
PROCUREMENT CONTROLSPRIVATE 

Quality control inspection, testing and documentation required will be defined in the construction subcontract or purchase order documents. The Quality Control described in Section 01400 of the procurement documents will be used to provide for verification that procured items conform to quality requirements..

NASA or designee shall review submittals to verify compliance with defined quality requirements in the procurement specification, purchase order or technical specification.  Submittals include hardware and documentation.  

When it is not practical or feasible to determine quality conformance upon receipt, quality assurance personnel may be assigned to perform inspections at supplier facilities.  When so assigned a list of duties, responsibilities, and authorities shall be established and coordinated with the NASA Office of Safety & Mission Assurance. 

PRIVATE 
Raw material controlstc  \l 1 "CHAPTER 4. RAW MATERIAL CONTROLS"
For applications where material properties are specified by drawings, specifications, or other applicable documents, the contractor/subcontractor shall purchase the raw materials with appropriate certification of chemical and physical test results.  These materials shall be segregated, issued, and controlled in a manner to ensure that traceability is maintained, and that use of incorrect materials is precluded.  Service for liquid oxygen and liquid hydrogen shall be conducted in accordance with applicable engineering standards and operating procedures. Cleanliness levels shall be maintained as required. 


4.3.4PRIVATE 
4..44.
INSPECTION AND TESTINGtc  \l 1 "CHAPTER 5. INSPECTION"
PRIVATE 
Receiving Inspectiontc  \l 2 "5.2  Receiving Inspection" 

Receiving inspection shall be performed to verify that materials, articles, and equipment comply with procurement or shipping documentation.  Receiving inspection shall be performed by JCWS..  A Receiving Inspection Report shall be completed, ref. NASA Receiving Inspection Report (Form #          ).    Items which do not comply with the Purchase Order or Shipping Requirements shall be segregated and documented as nonconforming material in accordance with the requirements of Section 4.2.9 “Nonconformance Control” of this plan. 

PRIVATE 
 Test Surveillancetc  \l 2 "5.3  Test Surveillance" 

Test surveillance shall be provided for during the performance of Facility Component/System Testing, Test Article Operational Testing, Operational Readiness Inspection, Safety Review or other testing as defined by PRD and sequent work authorizing documents.  Quality shall ensure: 

a. Procedures are approved and compliance with approved procedures obtained.

b. Crew is properly trained, briefed and certified when required.

c. Current calibration or proof loading of equipment. 

d. Open work is identified.

e. Compliance with precautions (safety instructions, critical processes, etc.) .

f. Identification and closeout of constraints. 

g. Configuration is properly established. 

h. Changes to baseline systems and components are properly documented and approved.

i. Proper documentation of test anomalies. 

PRIVATE 
 Nondestructive Evaluation (NDE)

Mechanical specifications shall establish the quality criteria and requirements for special processes of welding, heat treatment, nondestructive examination and pressure testing. 
An approved independent NDE Laboratory shall perform radiographic examination of welds. Appropriate NDE methods shall be utilized to maintain high quality hardware. Qualification of personnel, procedures, and equipment shall comply with the requirements of applicable codes, standards and procedures. 

Quality shall ensure as a minimum the following requirements:

a) NDE is performed by a Level III NDE Examiner (who does not have a vested interested in the NDE results) who shall be responsible for the validity and continuity of radiographic reports. 

b) Personnel are adequately trained and properly certified.

c) Techniques and procedures have been certified.

d) NDE  Written Practice Procedures  are performed in accordance with ASNT-TC-IA

e) Facilities, equipment, and materials are certified and controlled.

f) Tests are properly documented and controlled. 

g) All safety precautions are followed.



4.3.5 METROLOGY CONTROL

 Quality shall establish and utilize a documented metrology system to control measurement processes in order to provide objective evidence of quality conformance.  Measurement standards and equipment shall be selected and controlled to the degree necessary to meet the Program requirements

Whenever calibrated tools or test equipment is used for acceptance of an article, or assembly operations, the serial number of the unit or tool and the calibration due date shall be noted in the work authorizing documentation. 

Prior to acceptance, the Quality shall ensure that all measurement standards and equipment are inspected and/or tested to ensure conformance with requirements.  Documented results of all inspection and/or tests shall be maintained. 

All special measurement standards and equipment (e.g. hydrostatic gages, automatic test and check out equipment) shall be evaluated under intended operating conditions to verify that :

· Standards and equipment measure the desired characteristics in accordance with contract and provide the desired results, when used in the intended measurement process.

· Standards and equipment are compatible with the configuration of related hardware and environmental conditions. 

· Operating instructions are correct and complete. Documented results of the evaluations shall be maintained..

4.3.7 FABRICATION CONTROLS

PRIVATE 
Fabrication Operationstc  \l 2 "5.1  Fabrication Operations"


The Team shall control fabrication processes, including assembly operations in order to ensure that characteristic and design criteria specified in technical documents are obtained and maintained in all fabricated articles.  Detailed fabrication documents shall be generated and utilized by personnel conducting fabrication operations.  Fabrication documents shall include as a minimum:

a) Nomenclature and identification of articles to be fabricated (appropriate shop drawings, etc.)

b) Tooling, jigs, fixtures, handling equipment, and other fabrication equipment to be utilized.

c) Inspection plan to be utilized and tolerances to be obtained.

d) Detailed procedures for controlling and continuously improving processes.

e) Special conditions to be maintained such as environmental conditions, and safety or other precautions.

f) Workmanship standards and any special personnel qualification requirements.

PRIVATE 
Cleanliness/Contamination Controltc  \l 2 "5.3  Cleanliness Control"
Fabrication, assembly, inspection, and test areas shall be controlled in accordance with documented cleanliness requirements for environments, work surfaces, tools, fixtures, handling, storage and shipping containers, and test and inspection equipment to prevent contamination of the end item.  

4.3.8 
PRIVATE 
4.24   STAMP CONTROL SYSTEMtc  \l 1 "CHAPTER 9. STAMP CONTROL SYSTEM"
LSMO and JCWS shall establish and maintain a documented Stamp Control System which complies with the requirements of SPG 5300.1, SSC Customer Service Manual.
PRIVATE 

4.3.9   PRIVATE 
4.2.8123NONCONFORMANCE CONTROLtc  \l 1 "CHAPTER 7. NONCONFORMANCE CONTROL"
PRIVATE 
Nonconforming Article or Materialtc  \l 2 “7.1  Nonconforming Article or Material”
a) When an article or material does not conform to applicable drawings, specifications, or other requirements, it shall be identified as nonconforming, segregated to the extent practicable, and held for review action per SSC 99-021 using form SSC-339 Discrepancy and Correction Report.  

Nonconformance documentation shall not be “closed” until implementation of the disposition has been verified and the corrective action accepted.

PRIVATE 
Corrective Action and Preventive Actiontc  \l 2 “7.3  Remedial and Preventive Action”
The contractor shall:

a) Conduct appropriate analysis and examination of nonconforming articles, materials, or conditions to determine the cause or reason for the nonconformance.  

b) Conduct timely and effective remedial action to ensure the correction of the article or material.

c) Conduct timely and effective preventive action to prevent recurrence of the nonconformance, including correction of technical documents, correction of other identical articles or materials at all locations, and the prevention of detrimental side effects.

d) Notify responsible Team members of nonconformance and the need for remedial and preventive actions.

e) Notify the Test Director of nonconformance and their related remedial and preventive actions, as required.

f)
Conduct trend analysis to determine when additional preventive actions are warranted. 
PRIVATE 
SSC Facility Review Dispositionstc  \l 2 “7.4  Initial Review Dispositions”
Nonconforming articles or materials shall be reviewed initially by JCWS or LSMO quality assurance personnel and shall be subjected to one of the following dispositions:

a. Rework.  If the nonconformance may be reworked to return the item to drawings configuration through the use of established technical documents and operations.  During such rework, the article or material shall be resubmitted to normal inspection and/or test operations.  

b. Return to supplier.  When an article or material is found to be nonconforming on receipt, it may be returned to the supplier.  The contractor shall provide the supplier with nonconformance information and assistance, as necessary, to facilitate remedial and preventive action. 

c. Submit to SSC’s Material Review Board. When the dispositions, as described above, are not appropriate, the nonconformance report shall be submitted to the SSC Material Review Board (MRB) for final disposition if authorized by contract. 

4.3.10
PRIVATE 
HANDLING, PACKAGING AND STORAGE CONTROLS 
Contractor Handling, Packaging and Storage Controls shall comply with the requirements of SPG 5300.1C SSC Customer Service Manual, SLP 15 Handling, Storage, Packaging and Preservation & Delivery.
Boeing shall supply handling and storage requirements for all customer-supplied items, such as Flight Article and Ground Support Equipment (GSE).  Appendix D may be used as a guide in formulating applicable requirements. 

4.4 SPECIFIC QUALITY ASSURANCE REQUIREMENTS

The Specific Quality Assurance Requirements are as follows: (Appendix C., Table C-1 Quality Assurance Matrix gives Specific Quality Task Requirements for the DELTA IV Program)

4.4.1 NASA


NASA will be responsible for:

a. Providing oversight  of  the Quality Assurance effort

b. Communicating Risk level to NASA management

c. Providing Quality Assurance insight/management for DELTA IV Program Management

d. Assuring the conduct of a Personnel Certification program

e. Assuring the conduct of a Equipment proof-load and certification program

f. Auditing procedures

g. Coordinating  Operational Readiness Inspection Activities (ORI)

4.4.2 BOEING


Boeing will be responsible for:

a. Providing oversight of Boeing specific Quality  Effort

b. 
Performing/Providing operational support for Flight Article and associated, Ground Handling Equipment, and/or Customer Furnished Equipment.

c.  Submitting a copy of 
the Boeing Quality Assurance Plan

d.     Participating in/supporting Operational Readiness Inspection Activities (ORI)



e.     Participating in/supporting Test Readiness Review

4.3.3 SVERDRUP


Sverdrup will be responsible for:

a. Providing oversight of Sverdrup specific Quality records, specifically the Facility Operating and Support  Hazard Analysis 

4.3.4 LMSO


LMSO will be responsible for:

a.    Providing Operational Quality support for the Delta IV Test activities

b.  Providing oversight of the LMSO specific Quality Effort 

c. 
Reviewing any Boeing, Sverdrup Operating and Support Hazard Analysis (O&SHA) 

d.     Performing Quality Walkthroughs, submitting reports to NASA.


4.3.5 JCWS


JCWS will be responsible for:

a. Providing oversight of JCWS specific Quality  Effort

b.    Performing Quality shipping & receiving and storage Program requirements
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