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FORWARD

The Mars Exploration Rover (MER) Project supports the NASA Office of Space Science’s Plan for the exploration of the Solar System.   The MER mission is a follow-on to a series of prior missions to Mars that have been charged with mapping the topography of the planet, taking remote sensing and in-situ measurements of the Martian environment. 

The MER Project consists of two Flight Systems (F/S) that will each launch on a Delta Class II class vehicle from Kennedy Space Center in the May to July 2003 time period. Each Flight System will consist of a cruise carrier; an entry, descent and landing system (EDL); and a roving science vehicle that will arrive at Mars in January to February 2004, land on the surface, and perform geological science. The EDL system uses direct atmospheric entry, slows with a [Mars Pathfinder and Viking heritage] aeroshell, parachute, and small solid retro-rockets, and uses airbags to cushion the surface impact [Mars Pathfinder heritage]. After landing, the petals of the Lander will unfold [Mars Pathfinder heritage], and an Athena-class Rover will be deployed. Rover operation will continue for a nominal mission of 90 sols with a possible extended mission. 

Each of the Flight Systems shall accommodate the following Science Payload:

· Rover – including the following:

- Stereo Panoramic Imager

- Panoramic Thermal IR Point Spectrometer

· On a device that can make contact with the surface the following instruments:

- Moessbauer Spectrometer 

- Alpha / Proton / X-ray Spectrometer

- Microscopic Surface Imager

This Safety Plan documents Project safety requirements and defines the approach used to ensure safety for personnel, flight hardware, ground support equipment and facilities throughout all phases of Project activities, including design, fabrication, integration and test. Also included are activities associated with the integration of the F/S into the Delta class 7925 launch vehicle.   

Section 1 of the plan provides an overview of the mission and the plan.  Section 2 provides the Applicable Documents listing.  Section 3 includes the organization of the safety program, specific safety requirements and the methods and controls for meeting safety requirements including hazard analysis techniques and format, and milestone schedules.  Section 4 provides a description of system safety assurances used to ensure objectives of the safety program are met, including personnel certification, audit programs, mishap reporting and interfaces internal and external to the organization.
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1.0      GENERAL
1.1 PURPOSE

This document establishes the overall Safety Plan for the Mars Exploration Rover   (MER) Project.  A management approach for assuring safe design and operations throughout all activities associated with development and launch of the MER Flight Systems (F/S) is provided.

Safety activities have been tailored to perform only those tasks within the project system elements (Flight Systems, launch services, ground segment and science) that are required to assure flight and ground segment safety.  This shall be consistent with the project's policy on risk (ref. D-19639) “Project Risk Management Plan”).  In no case, however, have any compromises been made or will be made in assuring personnel safety. The primary savings in time and dollar amounts shall be accomplished through the use of concurrent safety engineering throughout the entire project life cycle beginning with pre-project activities.

This plan is furnished as a basis from which the management responsible for the JPL MER Project can generate safety activities and/or plans which shall assure an acceptable level of safety through interface evaluations, risk control, and reporting methods acceptable to the Project and its interfacing agencies.

Safety activities shall assure that an acceptable risk level is achieved by overall Project design and operations. The MER Project Manager shall certify that the Flight Systems are safe to launch utilizing the expendable Delta 7925 class launch vehicles.

1.2       SCOPE

The Safety Plan defines the approach that shall be used to assure safety for personnel, flight hardware, ground support equipment (GSE) and facilities throughout all phases of project activities.  Provisions are made for safety and interface activities involving the design, development, fabrication, integration and testing of the F/S, Mission System Hardware/Software and GSE.   

Hazardous activities associated with the interface between the F/S and the Delta class launch vehicle, including F/S preparations at the Kennedy Space Center (KSC) and the Cape Canaveral Air Force Station (CCAFS) and launch pad operations at CCAFS require safety monitoring by the project.   

Minimum safety requirements for operations involving the Lightweight Radioisotope Heater Units (LWRHUs) baselined for use on the MER, as well as other radioactive sources associated with the MER Science Instruments, shall be defined within the scope of the MER Missile System Pre-Launch Safety Package. Appendix B addresses the hazardous aspects of all radioactive sources as they involve JPL personnel and operations.   

Non-hazardous elements which have little complexity need only to provide review, reporting and approval documentation necessary to assure JPL, KSC, and the 45th Space Wing (45 SPW) Commander/Eastern Range (ER) management of the absence of hazards.  For more complicated equipment or operations, the responsible parties shall provide ample assurance that safety is preserved in all areas in accordance with the requirements of this Safety Plan.  Since the Project  safety requirements of this plan extend to all systems and subsystems, these safety activities will involve any contractors and their subcontractors associated with each subsystem development and/or operation. Organizations with memoranda of understanding (MOUs) and interface control documents (ICDs) with the MER Project shall  also adhere to this safety plan with exceptions and deviations clearly noted.  

In all areas of fabrication, development, testing, handling or operations of the F/S and associated sub-systems or equipment, systems safety is concerned with protecting:

· Personnel against injury or illness

· Flight and flight-critical equipment against damaging incidents that could result in catastrophic failures or degraded performance;

· Equipment and facilities

This document is prepared in accordance with the provisions of JPL D-560 (Rev. C) 
“JPL Standard for Systems Safety”

The implementation of the program specified in this document shall conform to requirements of JPL D-560 “JPL Standard for Systems Safety,” EWR 127-1, “Range Safety Requirements,” KHB 1710.2,  “KSC Safety Practices Handbook” and other requirements as referenced in Sect. 2.0 of this plan.

1.3   OBJECTIVES

The Project safety requirements aim to assure a successful mission with an acceptable risk consistent with the Project goals, resources and requirements.  The objective of this safety plan are to identify the:

· Processes for determining the potential hazards associated with the MER Mission. 

· Courses of action for reducing these hazards to an acceptable level.

· Required documentation review and approval cycles.

Safety risk shall be eliminated or minimized through the application of safety engineering and system safety principles. 

Project managers, engineers, designers and test personnel shall adhere to all system safety practices and policies, and shall carry out their project responsibilities with the goal to promote a safe as well as successful mission.

2.0 
APPLICABLE DOCUMENTS

The documents containing requirements and/or guidelines for the MER Flight Systems, ground support equipment and operations are listed below.  The MER Safety Steering Committee may recommend additional documents as appropriate.  In addition, where required, NASA guidelines, JPL institutional polices and practices, and the various Range requirements shall be implemented.

Number

 
                          Title





      

JPL Documents





DMIE 10570

Laboratory Safety Policy

D-560 Rev. C
JPL Standard for Systems Safety

JPL D-19620

MER Project Implementation Plan (includes Mission Assurance Plan)
JPL D-19639           Project Risk Management Plan 

JPL D-19641

MER Project Configuration Management Plan

KSC Documents
KHB.1710.2C
KSC Safety Practices Handbook

KHB 1860.1

KSC Ionizing Radiation Protection Program

KHB 1860.2

KSC Non-ionizing Radiation Protection Program

NASA
NPD 8700.1

NASA Policy for Safety and Mission Success

NPG 8715.3

NASA Safety Manual

STD 8719.8

Expendable Launch Vehicle Payload Safety Review Process

NSS/GO 1740.9B   
NASA Safety Standard for Lifting Devices and Equipment

NPD 8621.1G
NASA Mishap Reporting and Investigating Policy”

USAF Documents

EWR-127-1 
Eastern and Western Range Safety Requirements (Tailored)   

ESMCR 160-1 
Radiation Protection Program

3.0    PROJECT SAFETY PROGRAM

3.1  ORGANIZATION AND RESPONSIBILITY

3.1.1  Safety Organization

The MER management organization is shown in Figure 3.1.  The Project Safety Engineer (PSE) reports directly to the project manager on critical safety matters concerning personnel, flight hardware, software, ground support equipment, and facilities.  

3.1.2
Safety Responsibilities

3.1.2.1  Internal (JPL)  

The MER Project Manager is responsible for the safety performance of the project and   for certifying that the Flight Systems are safe to fly on the approved launch vehicles.  

The Deputy Project Manager has the additional duty, along with the Project Manager, to assure that the overall project safety activities are properly organized and that the safety effort is proceeding effectively.  The Deputy Project Manager shall also chair the MER Safety Steering Committee (SSC).   

The MER Project Safety Engineer (PSE) is responsible for the day to day safety activities of the project including the safe integration and testing of flight hardware, reporting the status  of safety activities, and preparation and publishing of the Project Safety Plan and the Missile System Pre-launch Safety Data Package.  The PSE shall assure that the appropriate project safety activities are implemented on schedule and within the scope of JPL and regulatory requirements.  The PSE shall report to the project manager on all  critical safety issues regarding project personnel, or flight hardware. In all other matters,  the PSE shall interface directly with the MER Mission Assurance Manager (MAM).   The PSE shall also coordinate and provide insight into contractor safety activities as they affect JPL personnel and/or JPL Critical Items.

3.1.2.2     Launch Vehicle / Launch Site Organizations

Safety responsibility for the MER launch vehicles, including  upper stage, shall reside with the launch vehicle contractor, as determined by the terms of their contract with NASA Kennedy Space Center, Expendable Launch Vehicle Launch Services (KSC/ELVLS) for the ’03 MER launch. 

KSC/ELVLS is responsible for the safety of the launch site and for certifying to JPL that it is acceptably safe for flight.  

JPL is responsible for both integrated Flight Systems to launch vehicles and shall certify that the integrated missions are safe for flight. 

Mars Exploration Rover Project

Organization Chart
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Figure 3.1

3.1.2.4   Instrument Suppliers  

 The MER Rover instruments and suppliers are as follows:

Instrument:                                                                                   Institution/Supplier
    

Alpha / Proton / X-ray Spectrometer (APXS)


      Max Plank Institute

Panoramic Thermal IR Point Spectrometer 

    
      Arizona State Univ. 

Microscopic Surface Imager





JPL

Moessbauer Spectrometer






DLR


Stereo Panoramic Imager



  


JPL


The principal investigator (PI) for the instrument suite is responsible for the design safety performance of their instrument. The responsibility for personnel safety, and safety of instrument test and operations shall remain with the PI until the instrument is delivered to the Assembly, Test and Launch Operations (ATLO). At that point the MER Flight System Manger shall assume responsibility for the safety of the instrument and any ancillary equipment (GSE) throughout integration with the Flight Systems and all subsequent test and operations up to and including launch.

Instrument suppliers (contractors) shall conform to the safety requirements as specified in Section 3.3.4 of this Plan.  

3.1.3   Integration and Coordination of Safety

An overview of the integration and coordination of MER Project safety activities, both internally and with outside agencies, is  provided in Figures 3.2 and 3.3.  Since the MER Project encourages the empowerment of all personnel on the team, each cognizant engineer (cogE) and Project Element Manager (PEM) shall determine potential hazards associated with their subsystem design and operation. They shall also insure that the information provided is accurate for inclusion into the MSPSP.  Figure 3.2 shows the JPL internal F/S safety review process.

The MER Project Safety Engineer shall integrate the inputs into the MSPSP and coordinate the review of the package with KSC, and CCAFS safety via the Payload Safety Working Group (PSWG).


Figure 3.2

JPL Internal Flight Systems Safety Review Process
Figure 3.3

ELV Payload Safety Review Process Documentation Flow


Notes:

1. PSWG includes a representative as appropriate from NASA L/V Organization and Contractor, NASA P/L Organization and Contractor, NASA upper   stage organization and Contractor, Site support office (as appropriate) NASA Facility Safety, Commercial Processing Facility, and USAF Range Safety.

2. As program matures, tailored document may require revision to reflect latest designs and processing operations.  Noncompliance requests are to be submitted to applicable Safety Office(s) for approval when a safety requirement cannot be met.

3. The term “MSPSP” includes the MSPSP, GOP and supporting documents.  Procedures are part of the safety documentation; however, they will be transmitted directly from the NASA P/L Organization to the Site Support Office for distribution to the required organization.

4. This completes the major safety approval for the payload.  Additional documentation and approvals are required prior to final launch approval.  Consult appropriate Range requirements.
3.1.4   Safety Oversight and Review Process
3.1.4.1 MER  Project Safety Steering Committee (SSC)

Safety Steering Committee Function

The MER SSC reviews the design of the Flight Systems to evaluate their safety features and provides insight into the safety activities associated with the fabrication, testing and itegration of the Flight Systems.

SSC Organization (see Figure 3.4)

The Deputy Project Manager shall be the chairperson of the SSC.  The Project Safety Engineer shall co-chair the committee and along with the Deputy Project Manager shall be permanent members of the SSC.

The SSC is comprised of those JPL Section Managers having line safety responsibility for project operations or activities that include analysis, design, manufacturer, fabrication, assembly, test, transportation, pre-launch and launch operations of both flight and ground support equipment.  The section manager may appoint an alternate if so desired, but in compliance with JPL Safety Policy, the Section Manager’s safety responsibility cannot be delegated.  

The degree of participation in SSC activities shall be consistent with the hazards associated with the project activity (including interfaces) for which each Section Manager is responsible.  The MER Mission Assurance Manager (MAM) shall be a participating member of the committee representing the Safety and Mission Assurance Directorate. As appropriate, additional consultants (i.e.: Radiation Safety Office, Systems Analysis Section Manager, etc.) may be appointed as members of the committee.   

SSC Meeting Schedule

A meeting shall be initially held to organize the committee and initiate the activity of hazard reporting.  When the state of the conceptual or preliminary  hardware design is appropriate for committee review,(i.e.: PDR), meetings shall be held at appropriate intervals to assure that the review of all identified safety concerns are complete and appropriate actions have taken place (at least quarterly).  The committee shall approve the final release (Phase III) of the MSPSP at least 45 days prior to the delivery of the F/S to KSC. 

The Project Safety Engineer shall be responsible for coordinating all Committee meetings.  (see SSC Duties)

Figure 3.4 – MER Safety Steering Committee



SSC Duties.

The SSC Committee Members shall carry out the following duties:

· Review and approve the applicability of safety requirements for the project.

· Review the identified hazards associated with the flight hardware, software, and GSE (electrical and mechanical) design for completeness and accuracy.

· Evaluate techniques for minimizing or safely accommodating the hazards that cannot be eliminated.

· Review hazard related  interfaces involving the launch vehicle (including ELV  upper stages, etc., as appropriate), ground equipment, handling equipment, launch complex, software, special nuclear materials, etc.

· Review hazard reports and safety packages prepared for transmittal to outside agencies such as KSC, CCAFS, launch agency,  etc.

· Evaluate appropriate test and operations schedules and sequences to assure maximum personnel and equipment safety.

· Review design changes which have safety implications and concur that changes are acceptable from a safety viewpoint.

The Chairperson of the SSC is responsible for:

· Organizing and conducting the Steering Committee meetings and any associated splinter groups. 

· Assigning action items or tasks to the members of the Committee or other project personnel, as necessary, to carry out Committee functions.

· Assuring that the Committee work is carried out in a timely and effective manner meeting associated safety goals.

· Reporting to the Project Manager on all significant SSC decisions, actions and findings.

The Project Safety Engineer, as the Co-chair of the SSC is responsible for the following:

· Supporting and advising the chairperson in organizing meetings to carry out the duties of the Committee.

· Assessing safety concerns regarding the interfaces between hardware, software, and/or equipment elements.

· Acting as advisor for the committee’s activities in evaluating safety.

· Coordination of  the Committee’s activities with the JPL  Laboratory Safety Committee (LSC) and other such groups such as the Radiation Safety Committee, the Structures and Materials Review Committee, etc.

· Scheduling the Committee meetings,  defining the agenda, taking meeting notes, and organizing and transmitting meeting minutes to committee members and other concerned parties.

3.1.4.2    External Oversight and Review Process

The following external (to JPL) working groups and review panels work in coordination to assure mission safety:

Payload Safety Working Group  (PSWG)

A PSWG shall be established for the MER project to ensure inter-organizational compliance with applicable safety requirements and that the safety risk is identified, understood, and adequately controlled.  Activities shall be conducted in PSWG safety splinter sessions, held in conjunction with other scheduled meetings such as Preliminary Design Reviews (PDR), Critical Design Reviews (CDR), Ground Operations Working Group (GOWG) meetings or Technical Interchange Meetings (TIM.)

The Primary  function of the PSWG is to provide the MER Project Manager recommendations for acceptance or rejection of the analyses which supports each element’s certification that safety risk is adequately controlled.  The PSWG function is accomplished by reviewing safety analyses, reports, safety critical test plans, and any other relevant documentation submitted by each payload element organization to  launch site safety via the MSPSP.

The overall goal of the payload safety working group (PSWG) is to ensure that the MER mission requirements and F/S to launch vehicles are in compliance with the applicable safety requirements and that all safety risk is clearly identified, thoroughly understood and adequately mitigated.  

The PSWG shall consider the safety of the design and operations of the Flight Systems and the mission unique design and operations of the integrated launch vehicle system (LVS).  Jurisdiction of operations is limited to those operations undertaken at the launch site facility.  As appropriate, PSWG members include representatives from 45 SPW/, NASA Safety and KSC Safety, Launch Site Integration Manager (LSIM), the NASA launch vehicle organization and contractor, and the PSE.  The PSWG presides over the MSPSP reviews and unanimous approval of the members is required for final MSPSP approval. (Ref. Fig.3-3).  A detailed description of member responsibilities, approval authority, etc. is provided in the MER PSWG Charter. 

High Performance Work Team 

As specified by EWR-127-1, a  high performance work team (HPWT) shall be formed to perform tailoring of the EWR 127-1 during technical interchange meetings (TIMs).  The HPWT shall be made up of selected members of the PSWG or by agreement with the  PSWG all tailoring functions may take place within the scope of the PSWG meeting structure.

Interagency Nuclear Safety Review Panel (INSRP)

The INSRP is an ad-hoc panel comprised of representatives from NASA, USAF, DOE  and EPA, with consulting services from the USNRC which is established by Presidential Directive to evaluate mission radiological risks for launches of large quantities of radioactive materials.  The JPL Launch Approval and Policy Planning Group (LAPPG) serves as the Project liaison for INSRP and DOE on external nuclear 

safety launch approval issues, and as Project liaison with NASA Headquarters on external National Environmental Policy Act (NEPA) compliance issues. (see App. B)

3.2
SAFETY PROGRAM MILESTONES

3.2.1
Systems Safety Milestones

The Chairperson of the Safety Steering Committee and the Project Safety Engineer assure that a schedule of the necessary safety activities (e.g., meetings, reviews, report completion and Project coordination efforts) is provided.  They shall obtain concurrence of this schedule from the Project Manager.  Figure 3.5 provides milestones for dissemination and review of the MSPSP.  The schedule is phased to the project milestones  Figure 3.5 is furnished and updated for project management by the  Project Safety Engineer.  It reflects current safety milestones as of the date of this document, but is subject to change as the project progresses. 

3.2.2
Integrated System Activity Milestones

The MER Top Level Project schedule can be found at the following address: , (http://sched-central.jpl.nasa.gov/MGR/MGR.html)  The schedule shows integrated project milestones including design reviews, hardware delivery, operations, launch readiness reviews, etc.   

3.3 SYSTEM SAFETY REQUIREMENTS

The Jet Propulsion Laboratory is the cognizant agency for the entire MER Project.  The safety responsibility of JPL is consequently threefold:  

1) for the design, manufacture, and transport of flight hardware that shall be assembled and tested at JPL,  

2) for monitoring other contributing agencies for safety concerns during these phases, and 

3) for integration and operation of the Flight Systems and the MER missions in a safe fashion.  In addition to the general requirements of the previous sections, the MER Project shall comply with safety requirements which are established by both JPL and external organizations such as the Air Force, NASA Kennedy Space Center, Department of Energy, Department of Transportation, Environmental Protection Agency, etc.  These deal with, but are not limited to, the following subjects:

· Material design safety factors

· Safety mechanization of design (i.e.: pressure relief mechanisms, emergency disconnects, etc.)

· Protection from radiating antennas.

· Protection from LWRHUs and other ionizing radiation.

· Determining when, where and how pyrotechnics or pressurized vessels or other hazards can safely be handled.

· Shipping of hazardous material.

· Acceptance inspections.

· Handling, storage and use of propellants, pyrotechnics and radioactive materials.

· Electrostatic safety requirements.

· Other appropriate safety concerns.

Figure 3.5   MER Safety Documentation Schedule
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100%

Final 45 days prior to delivery (1/03)

EWR Tailoring at PDR & CDR

100%

Final tailoring due 45 days prior to launch (3/03)
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3.3.1
Methods

The MER Project Safety Engineer, working with the Project Element Managers and the cognizant subsystem engineers, prepares a detailed description, hazard identification and hazard mitigation plan for all Catastrophic (Cat. A) and Critical (Cat. B) Hazards associated with the Flight Systems and associated support equipment.  All identified hazards shall also be listed on a Hazards Summary Matrix which will include all hazardous material utilized within the flight system as well as for flight system support. Each known potential or contemplated hazard as a result of design, manufacture or test is documented within the Hazards Matrix and eventually into the MSPSP.  The individual system / sub-system descriptions shall include the following information:

· Subsystem affected

· Hazard description

· Degree of Hazard

· Applicable documents

· When and where hazard exists

· Steps and procedures proposed to eliminate, minimize or control hazard.

· Influencing  interfaces.

· Types of approval required.

· Action completed / sign-off / date.

The Safety Steering Committee reviews and approves the Hazard Summary Matrix as well as each system and sub-system data submittal to the MSPSP prior to submittal to Range Safety.    

The Safety Steering Committee conducts periodic reviews of each Hazard Matrix entry.  The Committee closes these entries when it is determined that each hazard is understood and the level of safety is acceptable and controlled.

3.3.2
Risk Assessment

Decisions regarding resolution of identified hazards not meeting safety requirements shall be based on assessment of the risk involved.  These hazards shall be identified, deviations/waivers generated and a risk assessment attached for management approval.

Engineering change requests (ECRs), Problem Failure Reports (P/FRs), deviations and waivers are reviewed for safety significance. The appropriate CogE or PEM is responsible for identification and control of any safety hazards that might result from a change, problem, or failure in subsystems under their cognizance.

3.3.3
Formal Reviews

Each CogE, PEM and  MER Safety Steering Committee member shall participate, for safety evaluation purposes, in Flight System, division, and section reviews associated with their particular subsystem or activity.  He or she shall also attend reviews of other subsystems that have both a sizable interface and interrelated hazard ramifications with their subsystem.

Prior to system testing of flight critical hardware in a space simulator facility or other environmental tests, the manager of the test facility shall conduct a readiness review of the facility, equipment and test plans to assure acceptable safety and readiness for the operation. The Facility Safety Survey and Operations Safety Survey may be used for this purpose as deemed appropriate by the Project Safety Engineer.

Prior to F/S assembly operations or major subsystems operations at JPL, safety inspections of the facilities to be used shall be performed.  The inspection team shall be composed of representatives from the MER project and other personnel as deemed appropriate by the integration and test (I&T) manager and the Project Safety Engineer.

Prior to the start of operations at KSC and CCAFS, there shall be a review of the facility and/or operational safety program and procedures.  Start of operations is contingent upon a pre-operational review and approval by representatives of all involved organizations to assure compliance with safety requirements.

3.3.4
Contractor/Subcontractor Activities

Each subsystem Contract Technical Manager at JPL, shall obtain a Project Safety and Health Plan from each of their contractors. The contractor shall obtain a Safety and Health Plan from each of  their subcontractors.  To the maximum extent possible, existing contractor plans shall be used.  The contractor shall also be responsible for subcontractor safety evaluations, requirements, and controls.  Responsibilities include activities such as furnishing safety requirements and interface information to the subcontractor and obtaining appropriate safety evaluations and reports from the subcontractor.  The Project Safety Engineer shall review, comment on, and give final approval of all project contractually required safety plans.   

The contractor shall assure that the contract specifies the safety requirements for hardware safety verification.  Verification of safety certification shall be furnished to the Project Safety Engineer to assure that sufficient information is available to the Project Manager for the KSC/CCAFS safety evaluation. 

The Contractor’s/Sub Contractor’s Safety and Health Plan shall include as a minimum:  Hazards identification and abatement plans,  Problem/Incident reporting procedures, methodology for documenting lost time injury rates, training requirements for individuals performing hazardous operations and facility inspection procedures.

Safety requirements shall be met on a schedule that is consistent with the overall MER Project schedule in order to meet its safety obligations with CCAFS and KSC.  Scheduled milestones such as safety reviews, data submittal, and verification procedures shall be a part of safety planning in each area.

3.3.5
Interfaces

The MER Flight Systems Manager working with the JPL Project Manager shall resolve problems associated with determining responsibilities for hazardous interfaces.   

Hazardous interfaces within the Flight Systems are indicated in the Hazard Catalog, and members of the Safety Steering Committee initiate action to minimize and control the interface hazards:  e.g., pyrotechnic controls, heat inputs to propellant tanks, etc.  

The chair of the Safety Steering Committee shall assist the Project Manager and Flight Systems Manager in resolving problems associated with determining responsibilities for  hazardous interfaces between the systems, subsystems, or support equipment.

3.3.6
Standards for Design and Operational Requirements

Instructions to ensure safe operations are included as part of project documentation; for example:

· Design safety standards shall be a part of specification, review, and functional requirements documents.

· Procedures containing hazardous operations are clearly marked in the text of the procedure where the hazardous events occur. The front covers of these procedures are marked in red "HAZARDOUS OPERATIONS."

· Operational safety constraints are included at the proper position in procedures and are conspicuously marked.

· Testing requirements and constraints which are safety related, are included in the applicable test plans and procedures and are conspicuously marked.

3.3.7
Documentation

This section describes those documents required to be prepared by the project for performance of the safety tasks. A chart depicting document preparation and appropriate responsibilities is given in Figure 3.6. Other documentation requirements may be added as necessary.

The safety documents required to assure appropriate project safety requirements are as follows:

Missile System Pre-launch Safety Package (MSPSP) 

The MSPSP (also referred to as the Safety Data Package) is prepared to obtain Eastern Range safety approval for launching the MER Flight Systems on the Delta Class. It includes Flight Systems and Subsystem Descriptions, hazards associated with each system and controls, hazardous materials lists, waivers, Certificate of Safety Compliance, a Handling Plan for F/S testing at the ER and all supporting information necessary to obtain Eastern Range Operations approval.  Three issues, (Phase I, II, and III) shall be prepared by the Project Safety Engineer.  Inputs shall be made using subsystem, system and instrument engineering data.  

Figure 3.6 Matrix of Required Safety Documentation, Responsibilities and Approvals
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Operating Plans and/or Procedures
These include the test and operating plans and procedures to be used for the individual test / operation activity at JPL, JPL-operated facilities, and for KSC / CCAFS assembly, test and launch activities. These plans and procedures contain the necessary safety restrictions and directions to assure safety requirements are met. The necessary approval of such plans and procedures shall be by JPL program management and for hazardous procedures at the ER by the Air Force or KSC safety organizations.

· Flight System Countdown Procedure: Identifies hazardous operations during countdown to be included in the "Range Safety Officer's countdown." Those items involving hazards shall be clearly marked in the countdown sequence.

· Emergency Procedures:  Address the types of plausible emergencies during each phase of the operations. The steps necessary to prevent injury to people and to prevent release of any hazardous material are described. Steps necessary to minimize damage to facilities and equipment, are also described. The responsible people involved, emergency crews, equipment and facilities to be employed, etc., are included. The procedures shall be reviewed and approved by Air Force Safety,  KSC Safety and the PSE as appropriate.

All test/operating personnel will be briefed on facility alarms and basic emergency response/evacuation procedures.  In the case of an emergency, all reasonable efforts shall be made to safe the hardware prior to evacuating the test area with the understanding that the safety of personnel is always the highest priority.

· Radioactive Materials Handling, Assembly and Installation Procedure:  Procedure is prepared by the sub-system organization responsible for performing the operation.  All procedures involving JPL personnel are approved by the JPL Radiation Safety  Committee (RSC) and for KSC operations, the KSC Safety and Biomedical Operations and Research Offices. (see App. B)

· Contractor Safety and Health Plans:  Submitted by contractors building flight or flight critical hardware for the MER F/S, to the MER Project Safety Engineer for approval (see sect. 3.3.4). The PSE may waive this requirement, on a case by case basis, depending  on the complexity or criticality of the piece of equipment.  

· Other Project Documentation Requirements : Includes safety information to be furnished as project requirements dictate.  The MER Safety Steering Committee may identify other documents required or needed to analyze or control hazardous activity.

3.4     HAZARD ANALYSIS

3.4.1  Analysis Techniques and Format

The MER Safety Steering Committee conducts a general safety analysis of the Flight Systems and support equipment to determine apparent hazard levels.  As the development progresses and the Safety Data Package is revised and updated, the Committee assesses the possible need for more detailed safety analyses (other than the standard design analysis).  The Safety Steering Committee requests from the PEMs and Subsystem CogEs any new information or analysis required for complete understanding or control of any hazard.  The Committee Chair assigns action items for performing any required analysis.  Examples of techniques to be considered for such analyses are:

· Fault Tree Analysis

· Failure Mode and Effects Analysis (FMEA)

· Energy Conversion Analysis

· Time Sequencing Analysis

· Sneak Circuit Analysis

3.4.2   Contractor  Hazard Analysis Integration and Format 

Contractors shall provide assurance that their equipment or operations will not  jeopardize personnel, other equipment, or the Launch Vehicle.  System safety encompasses all activities associated with the Flight Systems and GSE, whether at the contractor’s facility, at JPL,  during transport or during the initial launch phase at the launch complex.  

Contractors shall provide to the project (if requested to do so), Hazards Analysis on components which have the potential for becoming safety critical once installed on the F/S.   

3.5   SAFETY DATA

3.5.1 Historical Hazard or Mishap Data

Historical safety data, including lessons learned from other projects,  shall be considered and used.  A monthly “Alert/Concern Summary Report” that details current concerns shall be assessed by the JPL Project Safety Engineer for applicable lessons learned which shall then be disseminated to the CogEs/PEM’s of the subsystems.  Historical data is available via the JPL archives and shall be used to investigate similar incidents.

3.5.2 Safety Related Data

Significant MER project safety data shall be documented as “lessons learned” for future use in data banks or as proposed changes to applicable design handbooks and specifications by the Systems Safety Office.

3.6   HARDWARE / PERSONNEL PROTECTION

3.6.1 Approach

To assure the safety of hardware and personnel, during handling, assembly, test, transportation, and storage operations, these activities shall be done in accordance with JPL D-560. 

3.6.2 Safety Surveys

When deemed appropriate by the Project Safety Engineer,  Facility Safety Surveys (FSS), Transportation Safety Surveys, ESD surveys and Operations Safety Surveys (OSS) shall be conducted prior to the transportation, storage, assembly, testing, and integration of flight hardware, flight spares or engineering models. Surveys shall be conducted at JPL,  contractor or  KSC/CCAFS facilities.  

The surveys shall be performed in accordance with JPL D-560 REV. C or the contractor/partner approved equivalent process. The PSE shall conduct the surveys in conjunction with a representative of the agency responsible for performing or supporting the activities.  

Discrepancies or outstanding issues (action items) shall be worked to the satisfaction of the JPL PSE, Quality Assurance and the PEM.  Surveys shall be performed sufficiently in advance of the planned activity to support correction of deficiencies without impacting the schedule.

3.7   SOFTWARE SAFETY

3.7.1  Critical Software

Software having either of the following characteristics shall be identified as safety critical.

· Software which can command a hazardous event to happen.  
· Software that normally prevents a hazard from occurring and failure of  which  can allow the hazard to happen. 

3.7.2 Hazardous Subsystems Control

Hazards associated with each subsystem that are dependent upon software controls shall be identified, tracked, evaluated and eliminated, or the associated risk reduced to a level acceptable to the mission through the entire life cycle of the Flight Systems.  Identification of hazardous subsystems dependent upon software controls shall be provided in the MER MSPSP and hazards matrix.

3.7.3 Approach Description

JPL is responsible for the safe development of hazardous software (S/W) controls for the MER Flight Systems.  This shall cover all aspects of software development from establishing software safety requirements through design, coding, testing and 

integration with hardware.  JPL is  also responsible for the safe development of all Ground Support Equipment Software.

4.0    SYSTEM SAFETY ASSURANCE

4.1    PERSONNEL TRAINING AND CERTIFICATION 

The MER PSE along with the Safety Steering Committee shall review areas where personnel training and certification may be required relating to hazardous operations conducted by JPL personnel whether at JPL, contractor facility, KSC, or CCAFS.   

4.1.1 Training and Certification at JPL

Certification includes, but is not limited to activities such as: 

· flight hardware handling,

· crane (lifting) operations involving the movement of Flight Hardware,

· propellant loading and unloading, 

· hazardous material exposure and handling, 

· pressure system operations, 

· LASER operations, 

· pyrotechnics installation, 

· radioactive materials handling, storage and test,    

· ESD sensitive hardware handling  

Training shall be done by organizations and personnel best qualified to do so and/or by organizations having operational responsibility. Selection and training of people who will be working with or near radioisotope materials shall comply with Caltech, JPL and DOE requirements.  The JPL PSE and RSO shall assure that such requirements are met by the responsible organization.

4.1.2 Training and Certification at KSC and the Eastern Range

Requirements for training and certification at KSC/ER can be found in Appendix A.

4.2 AUDIT PROGRAM

The JPL PSE and PEMs shall periodically survey  the hazardous project activities under his/her responsibility.  Each individual is responsible for design and design changes, and its interfaces and interface changes for safety or hazardous changes. Changes in safety items or operations shall be communicated to the Flight Systems manager and the PSE.

The PSE also overviews activities associated with the Flight Systems. The JPL Occupational Safety Office may require special safety audits of specific areas.   Formal reviews may serve as an audit if sufficient details of the hazardous activities and the safety precautions to be used are a part of the review.

4.3 MISHAP REPORTING AND INVESTIGATION

The Problem/Failure Reporting and Analysis System (STET) provides a means for review of the safety aspects of P/FRs pertaining to the subsystems or systems for which they are responsible.  

4.3.1  JPL Mishap Reporting to Outside Agencies  

Accident and/or incident investigations and reporting shall be in accordance with the applicable agency policy. JPL contractual agreements include reporting to NASA Headquarters in accordance with NASA Project Directive NPD 8621.1G.  

This directive requires that mishaps which result in death, personal disability or injury to personnel or in equipment damage equal to or greater than $25,000 be reported to NASA headquarters. Minor accidents or incidents are reported through the regular communication channels and at scheduled reviews.

4.3.2  Contractor Mishap Reporting  

Accidents and /or incidents occurring at contractors facilities involving flight or flight critical components shall be reported directly to JPL using the contractor’s own reporting system or via the JPL P/FR system.  All accidents/incidents to flight or flight critical hardware shall be reported within 24 hours. 

4.4  SAFETY INTERFACES

4.4.1
Industrial and/or Public Safety

Industrial and/or public safety is part of the total consideration of safety activities under this plan insofar as they affect or are affected by project activities.  These conditions include requirements of local, state, and Federal governments, regarding such items as design and maintenance of facilities, test constraints, transport and storage of hazardous items, etc.  

The PSE is assigned from the JPL Systems Safety Office.  As such, the PSE interfaces with all organizations including safety disciplines such as the JPL Occupational Safety Office (personnel hazard, OSHA regulations), Environmental Affairs Office (environmental impact statement), Radiation Safety Committee (ionizing and non-ionizing radiation hazards) , quality assurance and reliability engineering as examples. 

External to JPL, the PSE also interfaces with KSC and the Launch Vehicle contractor safety organizations regarding interface of the Flight Systems and the  approved launch vehicle.  Also, the PSE interfaces with the Eastern Range (CCAFS Safety) through the KSC Launch Site Integragion Manager (LSIM) for all safety requirements imposed through EWR 127-1 for F/S design, ground processing and launch operations.  

4.4.2   Launch Approval Engineering 

To conform to NASA guidelines for implementing the requirements of the National Environmental Policy Act (NEPA),  an Environmental Impact Statement (EIS) shall be prepared for the MER Mission in accordance with the guidance provided in NASA NPG 8840 “Procedures and Guidelines for Implementing the National Environmental Policy Act and Executive Order 12114.”

Since the baseline mission planned for the MER includes the use of Radioisotope Heater Units (RHUs) for thermal management on the Rovers, the requirements described by Presidential Directive/National Security Council Memorandum #25 

(PD/NSC-25) for the launch of large quantities of nuclear material must also be addressed.  PD/NSC-25 compliance for the MER mission shall include development of a Safety Analysis Report (SAR) by the US Department of Energy (DoE) and a Safety  Evaluation Report (SER) developed by an interagency review panel.  These documents will then be forwarded by the NASA Administrator to the Office of Science and Technology Policy (OSTP), with the official NASA request for nuclear safety approval for the launch. 

Additionally, the Federal Radiological Emergency Response Plan (FRERP) requires that radiological contingency response plans be developed to address the potential for release radioactive material as a result of an accident occurring during launch of the RHUs or other nuclear heat sources.  

APPENDIX A

UPPER STAGE and EASTERN REQUIREMENTS

A.1    UPPER STAGE INTERFACING REQUIREMENTS

The safety interface between the Launch Vehicle contractor, (Boeing Aerospace Corp.)  and JPL is handled in the Payload Safety Working Group (PSWG), which includes the MER Project Safety Engineer and the Boeing Launch Vehicle Safety Engineer.

A.2      EASTERN RANGE (ER) REQUIREMENTS

A.2.1   Introduction

The Eastern Range (ER) includes the Cape Canaveral Air Force Station (CCAFS) and the Kennedy Space Center (KSC).  Preparatory assembly and operations, including propellant loading, will occur at facilities located at KSC and launch operations will occur at CCAFS.  

The 45th Space Wing is responsible for preparing facilities for launch operations, launch and recovery activities for the Delta Class and its payload at CCAFS. Therefore, all safety activities at CCAFS are under the purview of the ER Safety Operations Office and all safety activities shall meet ER safety requirements. 

KSC provides facilities for pre-launch operations including propellant loading and processing of the MER Flight Systems.  Therefore, all safety activities at KSC are under the purview of the KSC Safety Operations Office and all safety activities shall meet KSC safety requirements. 

A.2.2    Responsibilities

The members of the MER Safety Steering Committee shall assure that the Flight Systems design and operations meet all safety requirements of the ER, consisting of KSC and CCAFS, or other cognizant authority at the ER; e.g. DOE nuclear safety. KSC provides review and approval of procedures containing hazardous operations and an audit of Project activities occurring at KSC; CCAFS provides similar review and approval of procedures containing hazardous operations and an audit of MER Project activities occurring at CCAFS.  

The Project Safety Engineer arranges safety operation reviews with the ER through the NASA resident manager with concurrence of the MER ATLO Manager, to assure that both KSC and Range safety management has a complete understanding of the Flight Systems design hazards, operational hazards, facility safety requirements and the schedules involved.  Each Safety Steering Committee member provides support to these reviews commensurate with the hazards in their cognizant areas.

The MER ATLO Manager is responsible for the safety of operations under their supervision. During launch operations, the JPL ATLO manager assures that all operations are safe and that requirements are met. The ATLO Manager responds to any safety directions from ER or Project safety personnel or other safety authority cognizant over the operations being performed.

ER and Project management assure that facilities are safe for the operations to be performed in them. Project management assures that all operations involving hazards are performed in the proper facilities and that new or modified operations have appropriate JPL and ER approval before they are performed.

A.2.3    Requirements

The payload, all its subsystems, instruments, support equipment (both flight and ground), and operations shall be designed and operated to minimize hazards and risks to the ER, the MER Flight Systems, ground personnel, and facilities. To achieve an acceptable level of risk, the requirements given in ERR 127-1, "Eastern Range Regulations - Range Safety,"  shall be followed.

To assure that requirements are met and an acceptably low risk achieved, the ER MER High Performance Work Team , comprised of members of the Payload Safety Working Group, reviews all information provided in the MSPSP.

The MER Project Safety Engineer or his designated representative attends the payload safety reviews.  The Project Manager signs the Payload Safety Certification to indicate that the Flight Systems have achieved an acceptable level of safety for the ER.

The ER operator also signs the Payload Safety Certification to indicate acceptance of the payload for the ER flight.

A.2.2.1
Assembly and Check Out Operations Requirements
All operations at the ER shall meet the requirements of the Air Force and KSC documents specified in Section 2. The Project Safety Engineer is to be informed of all hazardous operations or functions being performed by JPL personnel. It is his/her responsibility to insure that the KSC and/or CCAFS safety organizations receive the proper notification of impending hazardous operations.  This includes propellant, cryogenic, radioactive material and pyrotechnic operations or the lifting or transporting of any flight item of a size requiring a mechanism (hoist, transporters, etc.) to handle it.

All hazardous operations shall be performed in accordance with a KSC or CCAFS approved procedure. All modifications to such procedures also shall have appropriate JPL and KSC/CCAFS approval before the modified operations can be performed.

The MER Project Safety Engineer maintains surveillance of operations for detection and correction of unsafe practices, inspects facilities prior to the start of hazardous operations, and coordinates accident prevention matters with KSC or CCAFS Safety.

Any person who recognizes a hazard or questions the safety of an operation is required to bring this concern to the attention of his supervisor or a safety representative. No person is required to do a task or work in or remain in an area he considers to be unsafe. Every person shall be alert to possible hazards, changes in operations or signals that may trigger hazards or cause or initiate a chain of events that may trigger a hazard immediately, later in the operation, or during future operations.

A.2.4    Training and Certification at ER

All operations involved with hazardous operations at ER require special training and certification of operating personnel and all supervisors or others involved with such operations. Such positions include: transport and handling operators, crane operators, propellant handlers, pyrotechnics handlers, Radioactive Materials handlers, etc. Also, control of non-operating personnel is required.

All personnel who are expected to work in specific areas and on hazardous operations at ER shall receive special instruction and be badged for access to the work area. Persons needing access on a one- or two-time basis shall be admitted with escort upon approval by certain designated individuals in accordance with established requirements for personnel safety. This training and access requirement is coordinated with the ER training program by the JPL Eastern Launch Site Facility Manager.

APPENDIX B

RADIATION SAFETY and DOE REQUIREMENTS

B.l    Introduction

Possession and use of certain types and quantities of radioactive materials is controlled by Federal and / or State agencies. All nuclear materials to be used for Flight Systems operations shall be controlled. 

The JPL Occupational Safety Office and Radiation Safety Officer (RSO) shall be informed at the earliest time possible of any nuclear materials to be associated with the MER Project. After such notification, the RSO shall determine the requirements needed to use the nuclear materials and inform the cognizant JPL Section Manager and MER Project management of the requirements. Once the requirements have been met the RSO shall approve the delivery, storage and use of the sources at JPL.
The use of Light Weight Radioisotope Heating Units (LWRHUs) on the Rover  necessitates an approval from the Executive Office of the President (EOP) to launch such material.  This approval is generally issued by the Office of Science and Technology Policy, following their review of safety analyses documented by the DOE, and a safety evaluation report generated by the INSRP.  

B.2   Responsibilities   

Safety responsibilities for the Radioisotope Heater Units (LWRHUs) remain with the Department of Energy (DOE).  JPL shall provide the required MER Project safety information for the development of documentation in support of nuclear safety launch approval activities. Operational safety in handling the LWRHUs is the responsibility of JPL and KSC for operations at KSC, and JPL and CCAFS for operations at the CCAFS.
Procedures developed for JPL operations involving all radioactive sources on the MER Project shall be reviewed and approved by the JPL Radiation Safety Committee.  The JPL Radiation Safety Officer shall provide an interface to the NASA KSC radiation safety organization for purposes of local authorizations for handling the radioactive material at JPL and support JPL operations at the launch site involving radioactive sources.


B.3    Requirements

Up to eleven LWRHUs containing plutonium-238 (Pu-238) will be used on each Rover for thermal management. Curium-244 (Cm-244) will be used as a source on the Alpha/ Proton/X-Ray Spectrometer (APXS), and cobalt-57 (Co-57) will be used in the Moessbauer spectrometer instrument.  Minimum safety requirements for operations involving the LWRHUs shall be in conformance with Department of Energy (DOE) requirements. 

Operations involving radioactive sources at JPL or the launch site shall be included in the JPL safety review process and shall incorporate where appropriate, the operational radiation safety requirements of the DOE, the JPL Radiation Safety Committee,  and the NASA, KSC and CCAFS Radiation Protection Officers. Minimum documented requirements include but are not limited to the following:

· Cataloging the nuclear materials. 

· Designating and training the individuals responsible for the nuclear materials at each point of use of the nuclear materials and training of personnel whose task responsibilities require handling or working in close proximity to the nuclear materials.

· Obtaining approvals for transport, receipt, storage and use of the nuclear materials.

· Obtaining the necessary approvals for use of the nuclear materials in the facilities planned.

· Obtaining approval to fly any nuclear materials on the Flight Systems, and

· Arranging for the security, control, and responsibilities for all nuclear materials.

B.3.1    Operations Requirements

JPL operations at the ER involving the handling of nuclear materials require procedural approval of the JPL Radiation Safety Committee, the appropriate KSC and CCAFS safety organizations and the KSC and CCAFS Radiation Protection Officers.  The DOE, in conjunction with the appropriate launch site offices, determines the security and safeguards and minimum radiation safety requirements consistent with the quantity and type of Special Nuclear Materials (SNM) being used

The DOE, with the support of JPL and ER, shall conduct an operations analysis of activities involving the LWRHUs at the ER with emphasis on safety and safeguards of the special nuclear material. Personnel radiation exposure shall be controlled and minimized by planned procedures and training, including emergency operations. Special training, practice, and timing of operations having nuclear radiation exposure possibilities is required.

B.4    Radiation Safety Oversight and Review Process

To assure that all pertinent detail plans and documents are being considered and shall be prepared expeditiously, the MER Safety Steering Committee shall be augmented by selected members of the JPL Radiation Safety Committee (RSC) as appropriate.  

The JPL  Radiation Safety Officer (RSO) shall also sit on the Committee in an advisory capacity.  The function of these members shall be to:

· Outline the set of requirements to be met by activities involving the use of isotopes (LWRHUs, ground and flight radioactivce sources, etc.)

· Maintain an overview of activities to assure all radiation safety requirements are fulfilled.

· Expedite appropriate information flow for radiation safety.

· Review activities and requirements periodically.

· Examine technical, schedule and budgetary ramifications of  new requirements and advise the Committee and the Project Manager.

The JPL Radiation Safety Committee administers radiation safety policy for JPL and its employees and reviews and approves all plans and equipment used in conjunction with radioactive materials and devices under JPL management direction. JPL Radiation Safety Policy is implemented by the JPL Radiation Safety Officer (RSO) in conjunction with the JPL Occupational Safety Office. 
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Integration (LVI) 





TBD





KSC – ELV


Mission Management 





D. Skelly (MIM)





Project Engineer 





C. Whetsel (Act /313)


TBD, Dep PE





Staff Support 





TBD, Facilities


TBD





Project Scientist


J. Crisp 





Deputy PSG


A. Haldemann





Mars Exploration Rover Project Manager





P. Theisinger 


R. Brace (DM)


M. Davis, Proj. Secr’y








(Note 4)


P/L transport,


processing,


integration, etc.











Request for Final MSPSP


Approval letter by


NASA & Range








 “Final” MSPSP by NASA


P/L Org.











MSPSP by NASA P/L


Organization


(Note 3)








Tailored Range Safety


Required by Range and


PSWG











Safety Plan by NASA 


P/L Organization








NO





NO





NO








YES





YES





P/L to be    processed /launched on


USAF property














MSPSP approval letter/memo from Range Chief of Safety or designee before P/L processing may begin.





Hold TIM if necessary to resolve





PSWG Approves


MSPSP?





PSWA prepares letter to the Approving


 Authority Orgs.


Recommending


MSPSP approval





Upon NASA P/L


Organization/Project


Mgmt. Approval, transmit


MSPSP to PSWG





Discuss and resolve 


comments at safety


TIM(s) and design


reviews





Reviewers submit


comments on MSPSP to


PSWG


	





NASA P/L Org. transmits


MSPSP to PSWG for


distribution





NASA payload signature


approval of tailored 


document





Range publishes tailored


document (Note 2)





PSWG (Note 1) splinter


session to tailor Range


Safety Requirements for


P/L





NASA P/L Org.  presents


basics of safety plan at


mission/concept


orientation briefing
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PROJECT ELEMENT MGRS. (PEMs) AND SUB-SYSTEM CogEs, REVIEW SAFETY REQUIREMENTS  WITH 

PROJECT SAFETY ENGINEER (PSE)

PSE WORKS WITH PEMs and CogEs TO IDENTIFY HAZARDS AND PERFORM HAZARD ASSESSMENTS    

PEMs and CogEs DEVELOP  SYSTEM DESCRIPTIONS FOR

INCLUSION INTO DATA PACKAGE

SAFETY STEERING COMMITTEE REVIEWS HAZARD ASSESMENTS AND  DATA  PACKAGE COMPONENTS 

SAFETY STEERING COMMITTEE REVIEWS AND APPROVES SAFETY DATA PACKAGE  SUBMITTALS TO PSWG

  

TO 

PAYLOAD SAFETY

WORKING GROUP (PSWG) see Fig 3.3

PSE COMPILES SYSTEM DESCRIPTIONS AND HAZARD ASSESSMENTS INTO  SAFETY DATA  PACKAGE (MSPSP)
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