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1. Introduction

The Observatory Directors, SSC and NGAO System Design Review Panel have all recommended that the NGAO team investigate phased implementation and descope options early in the NGAO Preliminary Design phase. 

Given the potentially open-ended nature of this recommendation, and associated cost, it is important that all parties agree on what will constitute successful addressing of this recommendation.

This KAON is intended to support the process of reaching an agreement by iteratively defining the NGAO team’s plan for this topic until an agreement can be reached on how to address this recommendation.

We begin by summarizing the SDR Panel and SSC recommendations.  We then present our proposed approach in section 3, along with a reporting schedule in section 4.  The approach is summarized in the conclusions. 

2. Recommendations

2.1 System Design Review Recommendations
The SDR Panel Report made the following recommendations concerning the development of a staged implementation plan:

· “it is essential that the NGAO team develop a fall back plan and/or a staged implementation plan in case of funding shortage. In particular, the risk associated with the availability of the laser, sodium photon return flux, practical implementation of MOAO, point spread function accuracy and estimate, detector readout noise, and interface/requirements of the focal plane instrumentation need further analysis and a detailed, phased mitigation plan.”

· “Staged implementation might not be very cost effective but should be carefully investigated during the preliminary design phase.”
· “we recommend using the first 6 months of the Preliminary Design phase to investigate descope possibilities and phased implementation aiming at reducing NGAO complexity, cost and risk to an affordable level possibly validated by an internal delta review.”

· In response to question 3: NGAO conceptual design & feasibility
· “Fallback options should also be further developed as part of the plans for addressing possible deficiencies.  Are there intermediate designs … that could be implemented if the current laser, detector, MEMS, or MOAO requirements cannot be met within the desired schedule or available budget?”
· “Detailing the implementation of a MCAO option is one recommended fallback option”

· “a fallback option for high Strehl … may be more challenging.  But reducing the number of … laser guide stars to a minimum and driving the 64x64 MEMS in closed loop … may be one possible approach.  Other 64x64 wavefront correctors with a modestly larger inter-actuator pitch could be considered in this case”
· In response to question 6: NGAO overall strategy
· “We strongly advise that a more predictable, phased implementation approach be developed and adopted in the Preliminary Design phase.” 
· “An alternate approach would be a phased development and implementation -to spread out the implementation and testing. This longer period of procurement could provide more efficient use of key technical personnel.  In addition, the staged approach would provide continuous upgrade capability to WMKO providing more immediate science return.  One example of this is the cooled AO enclosure which would immediately benefit the current capabilities – assuming the existing AO is made to operate in the cooled environment.  A second example is the high power lasers – these devices have major procurement/vendor uncertainties which could be usefully explored with an early implementation strategy and if success is achieved early, one of the lasers could greatly benefit the existing system.”
2.2 SSC Recommendation
The full SSC report is documented in KAON 596.  The section of this document relevant to this document is the following:
“A highly related issue is a cost/benefit analysis which the SSC eagerly awaits. The committee needs to see, in addition to continued work building costing confidence, an implementation plan for NGAO that should be developed over the next 6 months. This plan should include a "fallback" or "de-scope" option that the SSC would consider under the plausible scenario that only some fraction of the estimated $62M price tag can be raised through private philanthropy; one model might be to scope out a $40M version of NGAO including adequate first light instrumentation. Support for NGAO (including NGAO instrumentation) from federal funds including TSIP funds (beyond that from the currently funded TSIP proposal) is far from secure, and in any case would have to be weighed against other observatory needs for which federal funding is also sought.”
3. Proposed Approach

We propose to evaluate two options for implementation of the full NGAO system proposed at the SDR, as well as several fallback, descope and cost savings options.  

Option 1 is to further develop the plan to produce the full system described at the SDR, with special attention to a realistic schedule.  This will provide a baseline for comparison to other options and is already a Preliminary Design deliverable.  Option 2 is to develop a staged implementation for the full system perhaps with an earlier delivery date for the first stage and a protracted schedule for the later phases in order to spread out the cost.  Option 2 can be considered to contain descope options since a choice could be made not to fund later phases.  Keck AO upgrade options will also be considered as potential steps along the way and as science return fallback options.

3.1 Option 1 – SDR Proposed System
This option is considered to be the optimal approach in both cost and schedule to achieving the NGAO requirements.  Our goal would be to achieve the SDR proposed schedule of a 2014 delivery.
3.2 Option 2 – Staged Implementation of SDR Proposed System
A range of phased implementations is possible.  We will develop one option with an emphasis on identifying significant implementation stages, and their relative recommended sequence, that could be delayed or accelerated depending on funding availability.  Science capabilities, performance, cost and risk will all be considered in determining the optimal sequencing (this will also be documented to provide the SSC desired cost/benefit analysis).   As a starting point we will consider delivery of stage 1 in 2013 with the full system by 2016.

3.3 Keck AO Upgrade Options
We have not recommended performing Keck AO upgrades along the way to NGAO because we have convinced ourselves that this would introduce additional cost and delay to NGAO.  Given the SDR panel recommendation we will however include potential options to upgrade the existing Keck AO systems as steps along the way to NGAO for earlier science return, risk reduction or schedule benefit.  It may be that some minor upgrades could be worth the additional cost.
We will also include options to upgrade the existing systems as off-ramps to maximize the fallback science return in the event that adequate funding is not available for a sufficient NGAO facility. 
3.4 Descope Options

We will identify and investigate the following descope options:
· Complexity and cost would be reduced if the number of d-IFU units was reduced.  This would impact observing efficiency, but the science capability would not be lost.

We will look for other descope options, but cannot commit to evaluating unidentified options at this time.

3.5 Cost Savings Options

We will be looking for cost savings options throughout the NGAO project, but especially during the Preliminary and Detailed Design phases.  The options that we have evaluated by the time of writing the phased implementation and descopes report will be included in the report.

3.6 Alternate Architectures

During the system design the NGAO team developed and evaluated five system architectures as described in KAON 499.  The architectures that were not selected included an adaptive secondary mirror architecture, a split relay with separate systems for narrow and wide field applications, a single large relay and an upgraded Keck I AO system.  The cascaded relay architecture was selected based on a number of criteria including cost, ability to support a phased implementation and ability to support an alternate approach (MCAO).  

We would recommend that further work not be performed on alternate architectures since we do not believe that they will offer lower cost or better phased implementation options, unless the requirements are changed significantly.  Note also that there would be considerable cost associated with developing an alternate architecture to the SDR level.  The obvious candidate architecture if the requirements were sufficiently reduced would be upgrades to the Keck I AO system (see KAONs 461, 500 and 502).  

3.7 Cost Estimates

During this phase of the Preliminary Design we will endeavor to understand the difference between our cost estimate and the NFIRAOS cost estimate and where appropriate update our estimates.  However, we propose that a full review and update of our cost estimate will not happen until late in the Preliminary Design in order to take advantage of the knowledge obtained by developing the Preliminary Design; the cost estimation WBS task is currently scheduled to begin in November, 2009.  However, we will consider cost as a driver and issue throughout the Preliminary Design phase.
The cost estimates developed for the cases discussed above will therefore be cost deltas relative to our existing cost estimate (modulo changes from our NFIRAOS comparison). 

4. Schedule

The following schedule is recommended:

· May 30.  Agree on the plan to address the recommendations.

· June 20.  Provide SSC with an overview of the plan and initial progress.

· Oct. 23.   Staged implementation and descopes report submitted to Directors & SSC co-chairs.

· Nov. 6.    Report presented at SSC meeting.
5. Conclusions

We will investigate and report (by Oct. 23, 2008) on the costs and schedule for the following:

1. The SDR proposed NGAO system.
2. A staged implementation of the SDR proposed NGAO system.

3. Keck AO upgrades that might benefit the program or provide fallback science.

4. A few tbd descope options.

5. A few tbd cost options.

This approach was agreed to during a June 9 telecom between the NGAO Senior Management Team and the Directors (Armandroff, Bolte, Kulkarni and Lewis).
