15.0
RISK MANAGEMENT

15.1
Introduction

The Coarsening of Solid Liquid Mixtures (CSLM-2) Project will utilize the Continuous Risk Management process in its efforts to successfully achieve its project and scientific goals.  Continuous Risk Management (CRM) provides a disciplined environment for proactive decision making to:


• Assess continually what could go wrong (risks)


• Determine which risks are important to deal with


• Implement strategies to deal with those risks


• Assure and measure effectiveness of the implemented strategies

The project shall use LeR-P2.9 Risk Management to implement risk management.  Technical, cost, and performance risk will be continuously monitored using standard risk analysis tools, such as Quantified Technical Risk Assessment (QRA) or Technical Performance Measurement (TPM).  Risk analysis reports will be issued to GRC management on a monthly basis.  Activities of risk management will be handled under the WBS element 2.6.

15.2
Overview of Process

Risk management is a continuous process that identifies risks; analyzes their impact and prioritizes them; develops and carries out plans for risk mitigation, acceptance, or other action; tracks risks and the implementation of mitigation plans; supports informed, timely, and effective decisions to control risks and mitigation plans; and assures that risk information is communicated among all levels of the project.  Figure 15.1 depicts risk management functions.

The CSLM-2 Project Team will focus on the early identification, mitigation, and periodic review of all risks to ensure project milestones are met within the boundaries of the CSLM-2 Project’s limited resources.  Risk management will be integrated into all activities from engineering to crew training to operations planning to assure mission success.  Problems are collated into four categories (personnel, technical, cost, and schedule) with risk impact factors to define the level of risk (low, minor, moderate, significant, high).  The level of risk will determine the need for additional monitoring or the development of a formal mitigation plan.  Supporting the risk management process is the descope plan, described below, which provides a series of prioritized steps to address implementation costs.  Implicit in the project approach is an emphasis on close coordination within each engineering discipline and upward communication of identified risks.



NOTE: Communication and documentation extend throughout all of the functions

Figure 15.1.  Description of risk management functions

Qualitative risk factors are used to define the impact of project risks and tie the assessment to system and project level performance measurements such as projected costs and schedule critical path.  The project risk mitigation plan assesses project alternatives and developing of appropriate risk mitigation and verification plans for moderate, significant, and high risks.  Most risks can be handled through analysis, design and testing.  In some cases, design and configuration changes will be required.  For these cases, the risk mitigation plan will recommend a course of action and identify impacts to project costs and schedule.  Following approval by the Project Manager (PM), action is incorporated into the CSLM-2 Project Plan and executed by the responsible engineer with oversight by the contractor product assurance team and OSAT.  

Risks that have significant to high impact on any of the project risk mitigation categories will be brought to the attention of the PM, and through him to the PI.  For these categories of risk, the PM and contractor team will develop a risk mitigation plan with participation by the PI.  The PM will make a recommendation to the PI and obtain his concurrence before committing cost reserves, schedule margins, or initiating descope options.  Figure 15.2 depicts the CSLM-2 Risk Management Process Flow.
Figure 15.2  CSLM-2 Risk Management Process Flow

15.3
Organization
The Project Manager will act as the integrator of the risk management process across the project and is responsible for reporting the results of risk management to higher level management.  The Project Manager determines who will be responsible for the risks in their respective areas, and what their communication lines and responsibilities are for risk management matters.  Within the contractor team, the contractor Project Lead will make these determinations and will document such in the Contractor Project Plan.  

All CSLM-2 Project personnel are responsible for continuous risk management.  Each project area such as engineering, software, verification, etc. manages the risks originating from their areas or assigned for mitigation by their area.  Roles of the GRC management, Project Manager, Contractor Project Lead, and Project Team are described in §15.2.  Figure 5.1 shows the Project Organization.  The Contractor is responsible for staffing a product assurance team and for supplying a Product Assurance Plan, a Verification Plan, and a System Safety Plan (see §14.0).  The PI is responsible for testing and verifying engineering prototypes vis-à-vis the Science Requirements.  

15.4
Process Details

15.4.1

Identify Risks

The CSLM-2 Project Team will establish and document all baseline risks and generate risk statements.  Risk information sheets will be used to document conditions and consequences for each risk identified.  These actions will be the responsibility of all team members.  

Risk management begins with identification of hazards.  A hazard is an act or condition that poses a threat of harm.  Hazards will be described where feasible in terms of outcome, mechanism, and source.  The risk for a given hazard varies from target to target, mission phase to mission phase, and with duration of exposure.  The following hazards have been identified and will be dispositioned through the Risk Management Process before delivery to flight operations:


Technical

• Explosive rupture of furnace chamber from excessive internal pressure after software failure to cut power


• Ice blockage in MSG vacuum exhaust system from a water leak in the CSLM-2 quench system 


• Unacceptable samples due to insufficient heat removal by MSG air circulation system

• Unacceptable samples due morphological shifting because of too high an ambient temperature or too many hours outside of refrigeration after processing


Cost


• Contractor overtime to accelerate progress due to negative schedule slack

• High cost of CPU board from vendor to supply 8088/8086-code compatible microprocessors due to CSLM-2 reuse of old flight system technology

• Insufficient budget authority to complete project because resource request was too low due to inadequate bottoms-up cost estimate

Schedule

• Schedule slip to redesign of prototype due to non-acceptance of prototype by PI

• Re-manifest first launch to later flight to wait for on-orbit active refrigeration due to MELFI launch slip past UF-2

Personnel

• Progress slowed from loss of key personnel due to contractor resource assignments or turnover

Other hazards/risks will be identified and dispositioned as the project continues.

15.4.2

Analyze Risks

The CSLM-2 Project Team will evaluate and classify risks.  Evaluation of risks will be based on the probability of the risk occurring (low, medium, high), the impact to the project should the risk occur (low, minor, moderate, significant, high), and the timeframe within which the team must act to prevent the risk (near, mid, far).  Risks to the project will be classified as impacting one of four categories: Project Cost, Project Schedule, Scientific or Technical Performance, Project Personnel.  All team members are responsible for evaluating and classifying project risk.

The probability of the occurrence of risk is defined as follows:


• High Probability

>70%

Occurrence is highly likely and may not be 

controlled by following existing processes, procedures, and plans


• Medium Probability
>30-70%
Occurrence is likely and may not be controlled

by following existing processes, procedures, and plans


• Low Probability

<30%

Occurrence unlikely and is generally controlled by

following existing processes, procedures, and plans

The impact of the occurrence of risk is defined as follows:


The timeframe for mitigating risks is defined as follows:


• Near-term


Actions must be taken within 0 to 2 months


• Mid-term



Actions must be taken within 2 to 6 months


• Far-term



Actions are to be taken more than 6 months from now

15.4.3

Plan Risk Mitigation

The CSLM-2 Project Manager will assign responsibility of each risk.  He or she may keep the risk, delegate the risk, or transfer the risk.  A planning decision flow chart may be used.  A mitigation approach for each risk will then be determined.  The Project Manager or designee may decide to research the risk further, accept the risk, mitigate or watch the risk.  If the risk is to be mitigated or watched, an action item list and task plan should be developed.  Risks to be watched or mitigated should be prioritized and, if mitigated, done so by order of priority.

15.4.4

Track Risks

The CSLM-2 Project Team will collect and organize all relevant tracking data for a given risk.  This data will then be reported at a weekly technical interchange meeting (TIM) with the Project Manager.

15.4.5

Control Risks

The Contractor Project Lead with the concurrence of the Project Manager will control risks.  He or she will analyze status reports, decide how to proceed, execute decisions, and review decisions for adequacy.

The successful testing of the hardware conducted since the Investigation Continuation Review, 15-16 October, 1998 has significantly reduced the technical risk.  Programmatic risk exists due to a tight but achievable schedule for flight hardware and software design, fabrication, assembly, tests, and integration.

The contingency will be essential in resolving any threat that affects this project.  Manufacturing an extra flight SPU will reduce fabrication and assembly risk.  A flight spare ECU will also be fabricated.  Having a dedicated person assigned to ISS integration minimizes the integration risk.

15.4.6

Communicate Risks

The Contractor Project Lead will document and report the mitigation decisions and results to the project manager at the weekly TIM or other meeting.  The Project Manager will brief risk status to MSD management at the monthly project review.  The Project Manager will brief the MSFC Materials Science Program Office and other external customers of the highest priority risks on a quarterly basis or as needed.  This briefing could include a Mitigation Status Report.

15.5
Resources and Schedule

In addition to funds supplied to the contractor for risk management and product assurance, approximately 2% of the total project budget is set aside for funding OSAT activities (primarily through the SAIC contract).  The bulk of that funding would be applied in FY01.  

The following are key risk management milestones:


• 06/29/00

Phase 0/1 Flight Safety Review


• 08/02/00

Completion of Continuous Risk Management training by PM and Contractor leads


• 08/23/00

Critical Design Review/Test and Verification Plan Review


• 09/14/00

Delivery of Phase II Flight Safety Data Package 


• 09/14/00

Delivery of Ground Safety Data Package II


• 01/15/00

Delivery of Phase III Integrated Flight Safety Data Package


• 01/15/01

Delivery of Phase III Integrated Ground Safety Data Package


• 03/15/01

Phase III Integrated Flight Safety Review


• 03/15/01

Phase III Integrated Ground Safety Review


• 04/12/01

Software Acceptance testing complete


• 07/29/01

Vented Gases Testing complete and certified


• 08/27/01

Final Vibro-acoustic Test report complete


• 09/24/01

EMI/EMC Test report complete


• 10/01/01

Final Interface Verification complete


• 10/14/01

Integrated System Level testing complete


• 10/15/01

All Certificates of Compliance complete


• 10/17/01

Pre-ship Review
15.6
Documentation of Risks

The project manager (or contractor lead if so designated) will document risks via spreadsheet or desktop publishing tools.  The list will be updated monthly or as risks are identified.  Mitigation plans will be developed for highest priority risks.  All risks will be retained and tracked.  

If risk is unacceptable, the project manager will identify and report descope options and methodology.  If the project becomes no longer viable, the project manager will inform MSD management and the MSFC Materials Science Program Office and present information on risk.

15.7
Methodology
15.7.1

Descope Approach 

The Project Manager and the contractor team have identified descope options to protect cost, cost reserves, and to permit flexibility in the conduct of the project.  The Project Manager (PM) with concurrence by the PI is the decision making authority for descope options.  Such decisions will be based on recommendations made by the Contractor Project Lead.  The descope options are directly linked to the experiment science objectives so that careful judgements can be made by the PM.  The preliminary descope plan (Fig. 15.2) is a prioritized list of options based on the PI’s assessment of the importance of hardware related to the mission objectives.  The PI, PM and engineering team ranked eliminating SPU hardware and reflying refurbished SPUs as one of the first options to control total mission cost for the following reasons:

1)
The SPUs should be robust and not easily damaged during flight or operations

2)
The SPUs should be quickly refurbishable for quick turnaround to ISS

3)
Each SPU does represent a considerable investment—approximately $30k each at the end of the learning curve

4)
Reducing the amount of hardware built to save costs is preferable to eliminating samples, which would result in a loss of science data.  This loss could be irrevocable.

Steps


(1)





(2)





(3)






Plan

(Execution Date)


Build only eight (8) SPUs instead of twelve (12)
(Phase D Start-Up)


Reduce number of ECUs to two (2), then one (1) instead of three (3)
(Phase D Start-Up)


Descope from 12 experiments (12 SPUs) to minimum science of 5 experiments (5 SPUs)
(Phase D Start-Up)


Science/Engineering
Impact


$120k saved in fab/labor costs; $20k added for SPU refurbishment.
Add to schedule risk.

Save $44k per ECU in fab/labor costs.
Add technical risk of no on-board flight spare or replacement unit

Save $30k in fab/labor for each SPU not built (total of $210k saved for 7 SPUs not built)



PI Assessment of Objectives Met


Minimal to no impact on science:
100% met


Delay in data return of up to 4 months for some samples:
90% met


Loss of 58% of sample data.  Lose rate constant dependency and particle size distribution. 



 ——— Performance Floor ——— 

Total Deltas, Baseline(Floor:  $398k

Execution date — Estimated latest date to exercise the option

Figure 15.2  Preliminary CSLM-2 Descope Plan

15.7.1

Performance Floor

The performance floor was developed by the PI and the PM to identify the minimum acceptable science return for the CSLM-2 experiment.  It reflects careful analysis of the science objectives.  When fully implemented, the descope plan places the CSLM-2 experiment at the performance floor.  Should the experiment be run nominally at this level, the experiment will be considered minimally successful.  Figure 15.3 summarizes the PI’s assessment of the CSLM-2 performance floor.  It demonstrates that our performance floor still achieves significant science return; however, the CSLM-2 team is confident that our management and technical approach and risk mitigation strategy will not require descoping to this level.

CSLM-2 Science Goals

1. Development of theoretical models of the coarsening process



2. Produce coarsening data to compare directly to theory with no adjustable parameters


2a) Ripening kinetics

2b) Particle size distribution

2c) Particle spatial distribution


3. Investigate the factors controlling the morphology of solid-liquid mixtures during coarsening

4. Reach steady state coarsening in the higher volume fractions




Performance Floor Effect

Insufficient data generated to support the development and accuracy of theoretical models of the coarsening process

Complete data suite necessary to determine dependence of the rate constant, particle size distribution, or microstructure on the volume fraction of the coarsening phase













PI Assessment of Remaining Science Objectives




Samples in higher volume fractions will give insight into the qualitative dependence of the rate constant on volume fractions at higher volume fractions



Some insight into 10% and 30% volume fractions in transient and steady state coarsening regimes

Only 2 samples would be obtained at coarsening times greater than 34 hours and at 70% volume fraction.  Insufficient to quantify dependence or construct accurate curve


Figure 15.3  PI Assessment of Performance Floor

15.7.3

Schedule Margin

The CSLM-2 baseline schedule (assuming the DCS-04 ISS Assembly Sequence) contains 20 business days of margin in the implementation phase.  Fifteen (15) days of this margin are scheduled at the end of the integration and test phase.  It is anticipated that if schedule reserve is needed, it will be needed during the hardware intensive activities (fabrication, assembly, integration, test and verification).  

If milestones are in danger of not being achieved on schedule, workarounds are implemented to minimize those impacts and the use of schedule margin.  Use of schedule margin is authorized only by the PM.  Because the launch date is fixed and because the CSLM-2 cost estimates are task based, all schedule margins are fully funded.

15.7.4

Cost Reserves

The CSLM-2 Project approach establishes both cost reserves and descope options to ensure cost constraints are met.  Cost reserves (contingency) are budgeted at 15% of the implementation phase estimated costs.  The resulting cost reserve is $361k.  In conjunction with the descope plan, the CSLM-2 Project’s reserve policy is to maintain this level of reserves as a percentage of estimate-to-completion over the duration of the project development activities.  The reserves will be approved only by the PM to reduce cost threats, retire risks, or maintain schedule performance.  

Descoping options will be used to reduce the project scope in response to cost growth or schedule variance sufficient to threaten a launch slip.  Descoping the science is the last effort to be made to ensure mission success.  Cost reserves will be used before science descoping.  Any engineering or science descoping, however, must be made early enough in the implementation phase to have full impact on cost or schedule.  The latest a descoping decision can be made and retain its intended impact is estimated to be the beginning of the flight hardware fabrication and assembly activities of the implementation phase (formerly called Phase D).  The full savings of descoping to the science and engineering floor is estimated to be $398k, slightly more than 15% of the estimated cost of the project.  The cost avoidance available through the descope plan is equivalent to additioal project reserve, bringing the available reserves to 30% of Implementation Phase costs.  

IDENTIFY


Identify risk issues and concerns





Project data/constraints





Statement of risk


List of Risks





Risk evaluation


Risk classification


Risk prioritization





Risk data: test data, expert opinion, hazard analysis, FMEA, lessons learned, technical analysis





ANALYZE


Evaluate (impact/severity, probability, time frame), classify, and prioritize risks





Risk mitigation plans


Risk acceptance rationale


Risk tracking requirements





Resources





PLAN


Decide what, if anything, should be done about risks





Risk status reports on:


- Risks


- Risk mitigation plans





Project data





TRACK


Monitor risk metrics and verify/validate mitigation actions





Risk decisions





CONTROL


Decide to replan mitigation’s close risks, invoke contingency plans, or continue to track risks





Risk Identification





Risk Assessment





Risk


Level


?





Low/minor





Moderate to high





Advise Project Manager





Advise PI





Advise NASA


MSD Management





Develop and approve risk mitigation plan





Implement and track risk mitigation plan





On


Plan


?





Yes





No





• Revise mitigation plan


• Propose project descope


• Involve PI, oversight board, and NASA MSD Management





Revise plan





Yes





No





Monitor low/


retired risks for changes





Retire


risk


?





Change in status


?





No





Yes











Mitigation and Mitigation Impact Assessment





• High Impact			Major milestone missed by 3 months.  Critical path growth >14 days.  Task 


						cost overrun >25%.  Total cost growth >10%.  Project level goals/objectives 


						not fully achievable.  Descope to science floor.








• Significant Impact		Major milestone missed by 2-3 months.  Critical path growth >7 days.  Task 


						cost overrun >20%.  Total cost growth >5%.  Project level goals/objectives 


						only partially achievable.  Descope to engineering floor.








• Moderate Impact		Major milestone missed by 1-2 months.  Subsystem schedule growth >35%.  


						Task cost overrun >15%.  Total cost growth >3%.  Project level 


						goals/objectives only partially achievable.  Partial engineering descope.








• Minor Impact			Major milestone missed by <1 month.   Subsystem schedule growth >20%.  


						Task cost overrun ≤15%.  Total cost growth >2%.  Project level 


						goals/objectives only partially achievable.  Within normal design margins








• Low Impact		On schedule.  Within budget.  No effect on mission plan.  








