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• Present state of missions demonstrating new technologies commonly run over budget and 
behind schedule 

• Production issues as well as project planning not fully encompassing of a project’s unique attributes

Flagship Missions/Programs

• Space Launch System
• 10 year program with first launch in 

2021

• James Webb Space Telescope
• $500-800 million launching in 2007

• $9.66 billion- launching in 2021
Credit: parabolicarc.com

Credit: usatoday.com
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• Component-based readiness level reviews of systems and assemblies 
• Flight and procurement heritage evaluations.
• Independent “non-biased” assessment TRL assessments
• Qualification by similarity acceptable. 

CRA Strategy
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• Assessments based on Technology Readiness Level (TRL), Advanced Degree of Difficulty (AD2), and Manufacturing 
Readiness Level (MRL).

Ground Rules and Assumptions
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• Method for estimating flight 
maturity of technologies 
developed by NASA in the 1970s

Technology Readiness level
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• Designed to determine the 
amount of systematic forward 
work required to raise a 
technology between readiness 
levels.

• Grounded in availability of 
relevant experience base.  

Advanced Degree of Difficulty
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• Developed to assess the maturity of 
relevant materials and processes required 
for projects

Manufacturing Readiness Level
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• As defined in NASA IV&V Doc S3001
• Measure of the potential inability to achieve a goal or target within defined safety, cost, schedule, and technical constraint
• 2 components: the likelihood of and the consequence of failing 
• Internal or external

• Identification and clear definition of risks to a mission or project are integral to ensuring success

Risk level/ Classes

Risk Class Posture Detail

Class A Lowest Risk Posture Failure would have extreme consequences to public 
safety or priority national science objectives.

Class B Low Risk Posture
High priority national asset whose loss would be 

impactful to public safety or national science 
objectives

Class C Moderate Risk Posture An instrument or spacecraft whose loss would result in 
a loss or delay of some key national science objectives

Class D Cost/ Schedule are greater or equal 
to mission success

May credible mission failure mechanism may exist.  
Technical risk is medium by design.
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• Proof of concept mission jointly completed by NASA and the DOE 

• Design utilizes simplistic spacecraft and main propulsion system for completion by 
2024.

• No navigation and simple on/off of main propulsion system

NTP FD1
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• Systems identified through standard Advanced 
Concepts Office practices

• General Functional requirements determined based on 
customer inputs and mission goals

• Provide foundation for required components 

System list
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• List of major components (excluding valves) with individual functional requirements 
• Indications of procurement strategy and the necessity for additional development for component application
• Discipline leads provide initial recommendations for readiness levels and representative parts

Onboard Propulsion Component List
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• Evaluation of component procurement and flight heritage to prove ease of access and reliability
• Identifying multiple suppliers to reduce single point failures in procurement strategy 

Onboard Propulsion Heritage List
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• Complexity of new technologies being implemented in the FD1 propulsion system, reactor was broken 
down into assemblies for evaluation

Reactor Sub-assembly List
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• Addition of mission criticality criteria to separate non-critical systems from those that are required for mission 
success.  

• Delineating reactor health instrumentation from nonessential instrumentation

Reactor Instrumentation and M/C
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• Completed lists of components and heritage inform final top-level evaluation with clarifying rationales for 
readiness level designations.

System Evaluation Results
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• Overarching risks that can be attributed to all systems of spacecraft

Top-level Spacecraft Risks
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• Generated list of risks based on SME discussions and independent reviews.
• Used in determining project risk posture and cost analysis

Reactor Associated Risks
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• The CRA allows for extensive Pre-Phase A and Phase A project planning for missions encumbered by unfamiliar 
technologies in spaceflight and increasing complexity.  

• Presents a centralized process utilizing
• Non-biased/ non-advocate reviews
• Component-level baseline readiness determination for system-level procurement strategies
• Procurement strategies with no single-point failures
• Fully-developed risk posture for cost analysis and project Risk class determination

Conclusion
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