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Final EOMP Evaluation: EO-1 Mission

(based upon EOMP ________ version, dated ________ , 200_)
	Reqm’t #
	Compliant
	Not Compliant
	Incomplete
	Comments

	4.3-1.a
	x
	
	
	N/A

	4.3-1.b
	x
	
	
	N/A

	4.3-2
	x
	
	
	N/A

	4.4-1
	x
	
	
	EO-1 EOMP Section 4.1 lists actions to be taken to minimize potential for accidental exploaiona.

	4.4-2
	x
	
	
	EO-1 EOMP Section 4.1 lists actions to be taken to passivate the spacecraft..

	4.4-3
	x
	
	
	N/A

	4.4-4
	x
	
	
	N/A

	4.5-1
	x
	
	
	EO-1 EOMP Section 5.0 assesses that the subject probability is less than the 0.001 requirement.

	4.5-2
	x
	
	
	EO-1 EOMP Section 5.0 assesses that the subject probability is less than the 0.01 requirement.

	4.6-1(a)
	
	x
	
	Waiver request has been granted (OD-07-15).  See Section 6.0 of the EO-1 EOMP.

	4.6-1(b)
	x
	
	
	N/A

	4.6-1(c)
	x
	
	
	N/A

	4.6-2
	x
	
	
	N/A

	4.6-3
	x
	
	
	N/A

	4.6-4
	x
	
	
	EO-1 EOMP Section 6.0 assesses  the subject probability of success to be at least 0.90.

	4.6-5
	x
	
	
	EO-1 EOMP Sections 4.1 and 6.0 show how the operational design for EOM passivation is satisfied.

	4.7-1
	x
	
	
	EO-1 EOMP Section 7.0 assesses  the subject risk to be 0.757:10,000 which is less than the requirement of 1:10,000.

	4.8-1
	x
	
	
	N/A


Additional Comments:

Reviewed by: _______________ on: ___/___/___

There are no restrictions on the data contained in this EOMP for the EO-1 spacecraft.
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1.0
Program Management and Mission Overview

The Earth Observing-1 (EO-1) Mission was developed as part of the NASA New Millennium Program (NMP) that is sponsored by The Science Mission Directorate at NASA Headquarters. The NMP was charged to develop and flight-validate revolutionary technologies; reduce development risks and life cycle costs of future science missions; enable highly capable and autonomous space systems; and, promote nationwide technology teaming and coordination. In addition, the EO-1 Mission was to be responsive to the Land Remote Sensing Policy Act of 1992 (Public Law 102-55) wherein NASA was charged to ensure Landsat data continuity through the use of advanced technology. Consequently, EO-1 was designed to flight-validate breakthrough technologies applicable to Landsat follow-on missions. More specifically, EO-1 developed the Advanced Land Imager (ALI) multispectral imaging instrument that addressed the traditional Landsat user community; the Hyperion hyperspectral imaging instrument that addressed the Landsat research-oriented community; a calibration test bed to improve absolute radiometric accuracy; and the LEISA Atmospheric Corrector instrument to compensate for intervening atmosphere effects. 

The Jet Propulsion Laboratory (JPL) managed the overall NMP for the agency. The process of formulating an NMP mission, outlined above, was established by them.  Certain Earth Observing (EO) missions have been assigned to GSFC as lead center. EO-1 was managed at GSFC, making it the EO-1 performing center. Overall program management was provided by the NMP/EO Program Office at the Goddard Space Flight Center (GSFC). Dr. Bryant Cramer was the EO-1 Program Manager, Mr. Dale Schulz was the EO-1 Mission Manager, and Dr. Stephen Ungar was the EO-1 Mission Scientist.  After launch, Mr. Dan Mandl has served as Mission Manager.
The EO-1 Mission was approved for flight on March 22, 1996 by the Earth Science Enterprise at NASA HQ and was launched on a Delta II rocket from Vandenberg Air Force Base on November 21, 2000. EO-1 was launched into a polar orbit with an equatorial crossing time of 10:00 a.m. (descending node), an altitude of 705 km, an inclination of 98.2˚, and an orbital period of 98 minutes. The mission had a design life of 18 months and a nominal life of 12 months. After ten years of operations, EO-1 continues to provide useful scientific data. 
Baseline operations consisted of 5-7 ground station passes per day transmitting both S-and X-band data to stations in Norway, Alaska and Wallops Island, MD that resulted in approximately 20 data collection events per day. 

Following successful completion of the EO-1 Baseline Mission in November 2001, NASA Headquarters approved extending the mission life of EO-1 with an agreement reached between NASA and the U.S. Geological Survey (USGS). At that time the USGS Center for Earth Resources and Observation Sciences (EROS) assumed responsibility for all customer interface services related to the acquisition, archival, and distribution of EO-1 image data. EO-1 archives of ALI and Hyperion data could be directly queried and ordered with the USGS Earth Explorer interface (http://earthexplorer.usgs.gov). Data Acquisition Requests (DARs) for tasking the spacecraft could also be made through the USGS, should appropriate archive data not be available. But as of June 15, 2009, a dramatic change was made in acquisition of EO-1 data.  As of that date, there is no fee for obtaining EO-1 archived data through internet access to the Earth Explorer (http://earthexplorer.usgs.gov) or Global Visualization Viewer (http://glovis.usgs.gov) web sites and there is no fee for obtaining new EO-1 acquisition scenes via submitting a Data Acquisition Request (DAR) to http://eo1.usgs.gov. Further information can be obtained by viewing the USGS website at http://eo1.usgs.gov. Over the ensuing 10 years, EO-1 has provided NASA scientists, other U.S. agencies, State and local agencies, and the general public valuable earth image data. In addition to performing image acquisition activities during the extended mission, EO-1 has been utilized as a test bed for a number of advanced technologies. The principle technologies were sensor web applications, autonomous spacecraft operations, on-board cloud cover detection, and an on-board diagnostic tool.  
2.0
Spacecraft Description
See Section 2.1 of the December 1999 EO-1 Orbital Debris Assessment Report for as built spacecraft description (Appendix A).
2.1
Status
	
	Status

	Item
	At Time of EOMP Version

	ALI Instrument
	Fully operational

	Hyperion Instrument
	Fully operational

	Spacecraft
	

	  Power System
	Solar array and battery producing power at nominal levels 

	  Attitude Control System
	ACS fully operational and controlling spacecraft in nominal manner

	  Propulsion System
	With 0.6 kg of hydrazine fuel remaining, the propulsion system is providing orbit maintenance

	  RF Communication 
	Fully operational

	  C&DH
	Anomaly with the processor Medium Speed Serial Port prevents playback of recorded engineering data.  Otherwise, C&DH fully operational.


	
	Status

	Item
	Commencement of Passivation
	Completion of Passivation

	ALI Instrument
	Power-off mode. Deactivated. Heaters on.
	No change

	Hyperion Instrument
	Power-on mode.  Fully operational.
	Power-off. Deactivated. Heaters on.

	Spacecraft
	
	

	  Power System
	Solar array tracking sun for max charge.
	Solar array parked in fixed position and heaters on for reduced battery charge.

	  Attitude Control System
	ACS in normal operations.
	Momentum wheels actively controlling S/C attitude in sun-pointing Safe Hold attitude.  

	  Propulsion System
	All fuel expended due to ongoing operations and system fully purged at end of ops by multiple valve openings. PPT operational from commencement until completion with Hyperion on.
	No additional fuel management to be conducted. PPT off.

	  RF Communication 
	S-band on.
	S-band off.

	  C&DH
	Nominal mode operations.
	Sun-pointing Safe Hold with FDCs and RTSs zeroed out to prevent recovery.


EO-1 mass at completion of passivation will be 548 kg.

3.0
Assessment of Spacecraft Debris Released During and After Passivation


Not applicable.
4.0
Assessment of Spacecraft Potential for Accidental Explosions and Intentional Breakups
4.1
Accidental Explosions

To reduce the potential for accidental explosions, the following actions will be taken:
· Any small amount of hydrazine remaining in the propulsion system after operations will be purged by performing necessary burns to evacuate propellant out of the thrusters into the vacuum of space.
· There is no way to vent the remaining GN2 pressurant in the fuel tank, but the remaining GN2 will be at approximately 1/16th the tank burst pressure (burst pressure is 680 psi).
· To reduce re-entry time, the spacecraft will be placed in a sun-pointing Safe Hold attitude with the solar array parked so as to increase orbital drag.  
· The reaction wheels will be used to maintain the re-entry attitude.  The reaction wheels have internal over-speed protection to reduce the possibility of compromising the housings.  
· The Command and Data Handling (C&DH) Mongoose processor will have all Failure Detection and Correction (FDCs) and Real Time Sequences (RTSs) zeroed out so there will be no possibility of recovery from Safe Hold.  
· There is no way to disconnect the battery.

· Heaters will remain ON to reduce possibility of overcharging the battery.  
4.2
Intentional Breakups
Not applicable
5.0
Assessment of Spacecraft Potential for On-orbit Collisions

Section 5.1 of the December 1999 EO-1 Orbital Debris Assessment (Appendix A) demonstrated that, for an orbital lifetime of 1.5 years, the probability of accidental collision with large objects (>10 cm) was 0.00003 which met the requirement of less than 0.001.  With up to three years of normal imaging operations remaining before the MLT drifts earlier than 9:30 a.m., the resulting probability will still be much less than the requirement of 0.001.  
Section 5.2, of the December 1999 EO-1 Orbital Debris Assessment (Appendix A), demonstrated that the probability of accidental collision with small debris/meteoroids during a one year mission was 0.003 which was less than the requirement of 0.01.  With the passage of ten years of orbital lifetime and no known collisions with small debris/meteoroids, it is entirely reasonable to expect that EO-1 can survive up to three years on-orbit without loss of post-mission disposal operations capability.
6.0
Assessment of Spacecraft Post-mission Disposal Plans and Procedures

There were two basic choices for implementing EO-1 disposal by utilizing the atmospheric reentry option.  One choice was to expend the entire remaining fuel to maintain an equatorial crossing time of 10:00 a.m. (or later) to preserve the Hyperion instrument SNR while maintaining a near circular orbit of 700 km to ensure consistence of observations over mission life (including properly sampled IFOV/GSD).  The other choice was to reduce time to reentry through an accelerated de-orbit process that would result in the loss of science.  Neither choice guaranteed reentry within the stated guideline of 25 years.  Furthermore, any intermediate strategy would significantly compromise the science as well as extend the time to reentry.  As a result, a wavier to these reentry time requirements was submitted to NASA Headquarters Office of Safety and Mission Assurance and it was accepted (Appendix B) on October 15, 2007..
Therefore, the adopted plan is to use the remaining EO-1 fuel, as of the granted wavier, for science orbit maintenance rather than orbit lowering.  This strategy requires that the fuel must be used for inclination burns to maintain an MLT equatorial crossing near 10:00 am, while preserving the viewing geometry by retaining the near circular orbit of 705 km apogee and 685 km perigee.  
As of February 2011, EO-1 has approximately 0.6 kg of hydrazine remaining.  A strategy will be developed for optimal use of the remaining fuel to maximize science return and still empty the EO-1 fuel tank in preparation for mission termination.
After the expected final inclination burn and at NASA Headquarters direction, EO-1 mission termination procedures will be finalized.

End of Mission sequence summary is as follows:

· Final inclination burn 

· Fuel depletion purge

· PPT Control with Hyperion images

· Command the ACS to Sun Acquire mode 

· Go to ACE Safe Hold Mode control

· Load the RTS patches (zero out RTS 0-63 in EEPROM)

· Cold Start the C&DH M5 to verify that the RTS's are zero'd out.

· Set S/C in final power configuration state 

· Turn off the RF power to the S-band transmitter

A timeline for executing postmission disposal activities is provided below.

Decision to Terminate Mission (NASA)

Month Yr
Organize EOM Team:





ESMO



- FOT


- ESMO

Month Yr
Develop EOL Timeline of Activities



EOM Team

- Review End of Life Plan 

- Develop Timeline of Activities

- Review Timeline of Activities sequence 

Month Yr
Generate EOL Products

- Develop & test 





FOT

- Review & approve





ESMO 
Month Yr
Simulate EOL Operations including Contingencies

EOM Team

Month Yr
Review Final End of Life Plan and Timeline


EOM Team

- Authorize Plan execution

- Submit schedule to NCC for NEN
Termination Day

Execute EOL Timeline of Activities

EOM Team

The following actions will be taken to prepare EO-1 for uncontrolled reentry as an inert body.
1)
Inclination Burns & Fuel Depletion  

· All Hydrazine would be used in the process of performing inclination burns
· Burn pairs execution centered on ascending node 

· All burns 900 seconds or less in duration
· All propulsion system parameters per launch ascent scripts
· Fuel depletion purge executed
2)
PSE Output Module #1 Final Status

· Advanced Land Imager OFF

· Atmospheric Corrector OFF

· S-Band Transmitter OFF 

· Attitude Control Electronics  ON

· X-Band Transmitter OFF

· Pulsed Plasma Thruster OFF

· Unswitched: S-Band Receiver ON; Comm RSN ON
3)
PSE Output Module #2 Final Status

· Wide Band Advanced Recorder OFF

· Command & Data Handling LVPC  ON

· Hyperion Electronics & Cryo OFF

· Hyperion Heater ON

· Roll, Pitch & Yaw Reaction Wheels ON

4)
PSE LVPS Final Status
· RCS Cat Bed Heater 1 OFF

· RCS Cat Bed Heater 2 OFF

· RCS Propulsion I/O Power 1 OFF

· RCS Propulsion I/O Power 1 OFF

· ALI Focal Plane Survival Heater ON

· ALI OutGas Heater OFF

· RCS Primary Heater 1 OFF  

· RCS Secondary Heater 2 ON

· Primary X-Band Antenna Heater OFF

· Redundant X-Band Antenna Heater ON

5)
C&DH LVPS Final Status
· Zone 1 & 2 Heater A OFF

· Zone 5 & 6 Heater A OFF

· Zone 1 & 2 Heater B OFF

· Zone 3 & 4 Heater B OFF

· Zone 5 & 6 Heater B OFF

· GPS Power  OFF

· HOPS 1 Power OFF

· HOPS 2 Power OFF

· LFSA Circuit 1 OFF

· LFSA Circuit 2Heaters OFF

6)
ACE LVPS Final Status

· IRU ON

· IRU Heaters OFF

· SA Damper Heater OFF

· AST OFF

· AST Survival Heater ON

· TAM ON

· MTB ON 

· IRU Relay Converter OFF

· Latch Valve Drivers OFF

· RCS Tank Pressure OFF

Final Power State Configuration

As stated in  Section 6.2 of the December 1999 EO-1 Orbital Debris Assessment (Appendix A), the EO-1 design limited all credible failure modes that could prevent successful post-mission disposal operations through use of conservative design practices and quality assurance requirements.  Due to the lack of FMEA and Reliability analyses, no quantitative measure exists for the reliability of E0-1 except for the propulsion system.  The vendor performed a reliability analysis for the propulsion system that predicted a reliability of 0.9939 for two years on-orbit.  Based on the fact that EO-1 has survived seven years on-orbit with no degradation or failures of elements critical to performing post-mission disposal operations, it is expected that the reliability for such elements for the remaining four years on-orbit will be at least 0.90.  The EO-1 spacecraft design sought to reduce risk to the extent possible given cost constraints that dictated a single-string design and which limited redundancy to key areas where risk mitigation was important.  In February 2005, after five years on-orbit with no significant failures, a study was conducted to determine the expected remaining lifetime of all the EO-1 life limiting components.  Each of the fourteen life limiting components was fully assessed and considered not to be life limiting.  A table of this study results is given in Appendix C.
At end of mission (EOM), the spacecraft will be passivated by taking the actions stated in Section 4.1.  Prior to implementation of the EOMP, the level of passivation will be updated.  Passivation will start immediately after EOM has commenced.
7.0
Assessment of Spacecraft Reentry Hazards
To access the risk of human casualty from surviving debris, the total debris casualty area, Da, has been calculated to be 5.9 m2 and the total average population density Pd, for the EO-1 orbit inclination of 98.2° and re-entry year of 2043, is determined to be 12.838 per square km based on information provided by the NASA Orbital Debris Program Office at JSC.  In accordance with the NASA-STD 8719.14, the resulting risk of human casualty from surviving debris is calculated to be 0.0000757 (0.757:10,000) which is within the requirement of less than 0.0001 (1:10,000).

8.0
Assessment of Tether Missions


Not applicable

Appendices
Appendix A – New Millennium Program (NMP) Earth Observing – 1 (EO-1), Orbital Debris Assessment, December 1999

Appendix B – EO-1 Waiver, EO-1 Orbital Lifetime, System Waiver #: OD-07-05, Dated 10/15/07

Appendix C – Identification of EO-1 Life Limiting Components















































































































































































































































































































































































































































































































  S-band transmitter





On at end of passivation sequence





 





 





ALI radiator outgas

















 





 





IRU heaters

















 





 





band primary heaters





-





X

















 





 





HOPs

















 





 





RCS primary heaters

















 





 





S/C panel heaters

















 





Hyperion survival heaters

















 





damper heaters





-





Hinge
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





 





ALI FPE survival heaters 

















 





heaters





Catbed 
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





 





RCS tank pressure

















 





redundant heater 





band antenna boom 
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X
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





 





RCS latch valve

















 





RCS secondary heaters 

















 





RCS valve drivers
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





 





AST heater
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IRU converter/reset 












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






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
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






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
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





 





LEISA/AC

















 





ACE LVPC

















 





Hyperion

















 





ECU (s/a drive)

















 





ALI
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





 





RWA

















 





GPS
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AST
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





 





C&DH LVPC 












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





 





band receiver 
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





 





WARP

















 





Comm RSN 

















Off at end of passivation sequence
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