[image: image1.png], THEMIS

N





TITLE: Expedite Closure of Existing Orbit Debris Assessment Issues
RFA CODE:  13

REQUESTED BY:  Terry Ford
SPECIFIC REQUEST:  Expedite closure of existing Orbit Debris Assessment issues including:

(1) Analysis associated with lifetime of 2nd and 3rd Delta stages.

(2) Reliability of re-entry for single string spacecraft.

SUPPORTING RATIONALE: Early JSC buy off of the RTS plans will relieve risk on mission configuration, proceeding to next phase.

RESPONSE:

The THEMIS project shares the concerns of the reviewer on this issue. We have completed a preliminary orbital debris assessment, in coordination with KSC and JSC, and have submitted it to GSFC. An excerpt from the document is attached.

(1) With respect to the specific issues of 2nd and 3rd Delta stage lifetimes the following is a summary of our findings and our plan:

a. The GSFC-developed code “GTDS” which was used for re-entry calculations in Phase-A and in Phase-B shows that the 3rd stage re-enters within 10years with the requested injection orbit (637km perigee altitude). KSC suggests the possibility of a depletion maneuver to bring 2nd stage in with the requested injection orbit.

b. The JSC-developed code shows that the 3rd stage does not re-enter within 25years assuming the proposed perigee altitude. Only with at 250km does the JSC code show re-entry of 3rd stage and 2nd stage.

c. It is evident that the GSFC and JSC codes are not in agreement and it is unclear which one is correct.

d.  A 250km perigee is not detrimental to the project, as it represents a 5% decrease in on-board fuel, which is well within the presently available 15% contingency and 15% additional fuel margin.

The proposed plan is as follows:

(i) THEMIS will evaluate if the proposed 250km altitude represents a risk to the project, when the GSFC code is used to run re-entry calculations.

(ii) THEMIS will evaluate if, when accounting for all known inefficiencies in the ascend maneuvers, and as the mission design becomes more refined, a 5% fuel reduction is indeed acceptable and does not decrease fuel margins below the program’s comfort level.

If premature re-entry is found, or if fuel margins are depleted below the project’s comfort level due to the proposed 250km perigee then the project will either embark upon resolution of code-differences or request an exemption. A full answer to the above questions may necessitate updated launch vehicle performance data from KSC or Boeing, in order to determine if reduction in target inclination can reduce the losses in on-board fuel consumption. However, it is rather likely that the project will be able to live both with a lower perigee and a reduced injection orbit lifetime and no exemption will be necessary.

(2) With respect to the issue of reliability of re-entry for single string spacecraft, the project has followed the verbal recommendation of the reviewer and submitted the best current value of probe reliability (Ps=0.83 for single probe in 2years) for HQ evaluation. This reliability value is not expected to change significantly from final component selection. Early JSC approval on this value is therefore going to serve the project quite well, in terms of avoiding potential delays or component changes later in the program and we thank the reviewer for pointing out the importance of this issue at this stage.
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 Executive Summary

This report documents the compliance of the Time History of Events and Macroscale Interactions during Substorms (THEMIS) Project with the PDR deliverable guidelines of NASA Safety Standard 1740.14, ‘Guidelines and Assessment Procedures for Limiting Orbital Debris’. The project has just completed its Mission PDR as of November 14, 2003. A summary of the current Probe compliance status is provided in Table ES-1 below, and LV compliance is provided in 

Table ES-2
 below.

Table ES-1  Probe Orbital Debris Guideline Compliance Status

	Guideline Number
	Description
	Met
	Not Met
	Not

Applicable
	Impact/

Issue

	3-1
	Operational Debris - LEO
	X
	
	
	None

	3-2
	Operational Debris - GEO
	X
	
	
	None

	4-1
	Accidental Explosion During Mission
	Probably
	
	
	None

	4-2
	Accidental Explosion After Mission
	Probably
	
	
	Battery depletion

	4-3
	Intentional Breakup- Long-term Risk
	
	
	X
	

	4-4
	Intentional Breakup- Short-term Risk
	
	
	X
	

	4-5
	Intentional Breakup- During Reentry
	
	
	X
	

	5-1
	Collision with Large Objects
	Probably
	
	
	None

	5-2
	Collision with Small Objects
	Possibly
	
	
	Shielding

	6-1
	Disposal – LEO
	Possibly
	
	
	Lunar phasing

	6-2
	Disposal – Above LEO
	
	
	X
	

	6-3
	Disposal - 12 Hour Orbits
	
	
	X
	

	6-4
	Disposal Reliability
	
	X
	
	Single String design

	7-1
	Reentry Survivability
	Probably
	
	
	None


Table ES-2 Launch Vehicle Orbital Debris Guideline Compliance Matrix

	Guideline
	Compliance
	Possible mitigation strategies

	3-1a
	Requires modification
	· Launch date selection

· Perigee reduction

	3-1b
	Compliant
	

	4-1
	Non-Compliant
	Requires new hardware

	4-2
	Compliant
	

	5-1
	Requires modification
	· Launch date selection

· Perigee reduction

· Depletion burn

	6-1
	Requires modification
	· Launch date selection

· Perigee reduction

· Depletion burn

	7-1
	Compliant  (not 2nd stage)
	Requires new hardware
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