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1 Introduction

A Systems Engineering Management Plan (SEMP) is a standard part of the project documentation for W.M. Keck Observatory (WMKO) development efforts.  This SEMP represents a key deliverable from the system and preliminary design phases for the WMKO Next Generation Adaptive Optics (NGAO) project.  This document will be updated as a product of the NGAO detailed design phase.

The following sections document the proposed management process, schedules and budgets for the post-PDR phases of the NGAO project.

2 Project Plan

2.1 Organization Structure

The management structure proposed for the start of the Detailed Design (DD) phase is shown in Figure 1.  As full NGAO funding is found we propose to make organizational changes during the DD to better manage the project as shown in Figure 2.   
All items highlighted in yellow represent part of the NGAO DD phase project for which this SEMP is written.  The NGAO project continues to be led by the same senior personnel as in the Preliminary Design phase.  The NGAO Project Scientist will be assisted by an NGAO Science Advisory Team.  The NGAO senior management group (Wizinowich, Adkins, Dekany, Gavel and Max) will provide project management.  
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Figure 1.  NGAO Detailed Design Phase Management Structure.

Solid lines are direct reports.  Dashed lines are advisory or collaborative.

WMKO’s top-level management structure is highlighted in blue in Figure 1.  The NGAO Project Manager reports directly to the WMKO Director, Taft Armandroff, and Deputy Director, Hilton Lewis.  They in turn report to the WMKO Board.  There is a close collaboration between the WMKO Directorate and the Director of the University of California Observatories (UCO), Mike Bolte, and the Director of the Caltech Optical Observatories (COO), Shri Kulkarni.  A similar collaboration exists with the WMKO Science Steering Committee co-chaired by Chris Martin and X Prochaska.  
Figure 2 shows what we believe is a more effective management structure for a project the scale of NGAO.  The key changes are: 
1) Identify or hire a full time systems engineer as opposed to our current distributed systems engineering approach.

2) Identify or hire a full time scientist to work with the project to ensure that the delivered NGAO system is scientifically powerful and operationally efficient.  This person would also lead the development of the science operations tools.  Ideally this person would lead the first year or more of NGAO science operations and ensure that the facility was properly handed over to night-time operations support.

3) Formally identify a principal investigator that would lead the development of DAVINCI in collaboration with Adkins.  We have been working toward DAVINCI being built in the UCLA IR lab under the leadership of James Larkin.
4) Identify a WMKO project manager.  One good candidate is Jason Chin who has played an effective role in managing the laser guide star facility development and works well with the WMKO leads.  

5) The above items would free Wizinowich up to more fully play the overall leadership role for NGAO.
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Figure 2.  Proposed NGAO Detailed Design Management Structure as NGAO ramps up to full funding.
2.2 WMKO Design Phase and Deliverables

WMKO’s standard development process is shown in Figure 3.  This document is being written as a product of the NGAO Preliminary Design and presents the SEMP for the remaining development phases starting with the Detailed Design and ending with the transition of NGAO into Facility Class Operation.  Table 1 lists the standard deliverables for each of the development phases.
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Figure 3.  The WMKO Development Process.

The deliverables for the AO portion of the NGAO project consist of documentation and the actual AO Facility, Laser Facility and related interfaces.  Major documentation items include:

Table 1. WMKO Development Process Deliverables.

	System Design:
	Preliminary Design:

	Science Case Requirements Document
	Requirements Documents for Key Subsystems 

	System Requirements Document
	Operations Concept Document

	System Design Manual
	Preliminary Technical Specifications

	Systems Engineering Management Plan
	Interface Control Documents

	System Design Report
	Preliminary Design Report

	
	

	Detailed Design:

	Detailed Design Drawings and Bills of Material

	Final Technical Specifications

	Acceptance Test Plans

	Detailed Design Report

	

	Full Scale Development:

	Hardware and Software Manuals and Maintenance Documentation

	Pre-ship Review Reports

	

	Installation/Commissioning:

	Acceptance, Operational Readiness and Science Verification Review Reports


2.3 Work Breakdown Structure

The NGAO Project Work Breakdown Structure (WBS) is shown schematically in Figure 4.  The top level structure reflects the transition from Design (1.0) through Full Scale Development (4.0 to 8.0 and 11.0) to Delivery and Commissioning (9.0 and 10.0).  WBS 9.0 includes Science Verification and WBS 10.0 covers the handover to Facility Class Operation.  Management (2.0) and Systems Engineering (3.0) are ongoing items through both Full Scale Development (FSD) and Delivery and Commissioning (DC).  Each of the top level WBS elements is briefly described in the following section.  More detailed WBS dictionary definitions are provided in the NGAO cost book.  
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Figure 4.  NGAO Work Breakdown Structure.

2.3.1 Design WBS

The three gray highlighted boxes in Figure 3 represent the project phases completed prior to the start of the Detailed Design.  There is one remaining design phase, Detailed Design.  In order to simplify the creation of separate project plans and budgets for each design phase a WBS numbering plan is used within each design phase WBS (1.3 and 1.4) that reflects the overall WBS numbering for each of the major elements shown in Figure 4.  For example, the overall WBS contains an element number 4.0, named “AO System Development”.  An identically named WBS element appears in each of the Preliminary Design and Detailed Design WBS outlines, but these elements are numbered 1.3.4 and 1.4.4 respectively.  The WBS for the Detailed Design phase is shown in Figure 5.  Note that the choice to have a separate WBS for each design phase was driven by the availability of funding only for 1 design phase at a time.  
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Figure 5.  NGAO Detailed Design Work Breakdown Structure.
2.3.2 Management WBS

The management WBS has seven major elements:

1. Planning.  This WBS includes the normal adjustments to the plan during a development phase, supporting the Observatory’s fiscal year planning process and preparing the Systems Engineering Management Plan (SEMP).  The SEMP, the document you are currently reading, will be updated during the Preliminary and Detailed Design phases.

2. Project Management and Meetings.  This category includes management telecoms and team meetings and telecoms.  During the preliminary design phase for example management teleconferences will occur weekly and team teleconferences monthly with four face-to-face team meetings.

3. Tracking and Reporting.  Monthly status reports will be provided throughout the project and regular reporting will be made quarterly at WMKO SSC meetings.  During the Preliminary Design phase the monthly reports will be provided to the TSIP and the Observatory Directors and monthly telecoms will be held with the TSIP representatives.  

4. Proposals.  The NGAO team will need to write proposals and support fundraising.  This is primarily a schedule item here since the WMKO labor for these activities is covered outside the NGAO budget.  Some COO and UCO labor is covered here.

5. Programmatic Risk Assessment and Mitigation.  This WBS covers analysis of the programmatic risks and some mitigation activities.  Some mitigation activities are covered under the appropriate development WBS.

6. Project Reviews.  Project reviews corresponding to major milestones are covered under this WBS.  These include:

a. Preliminary Design Review.

b. Detailed Design Reviews.

c. An intermediate Full Scale Development Review as a checkpoint during development (we may revisit the need for this review).

d. A Pre-lab I&T Review to determine that the subsystems are ready for lab I&T.

e. A Pre-ship Review to determine that the system and telescope infrastructure are ready for telescope I&T.

f. An Operability Review to determine that NGAO is ready for shared-risk science.

g. An Operations Readiness Review to determine that NGAO and the operations team are ready for Facility Class Operation.

7. Project Support.  This category includes administrative and contract support, the procurement of shared infrastructure for development and/or testing purposes, and research time for postdocs and scientists working on the NGAO project.         

2.3.3 Systems Engineering WBS 

The Systems Engineering WBS has seven major elements:

1. Science Case Development.  This WBS is the primary home for the Project Scientist and Science Advisory Team activities.  These include science case and requirements development, science observing planning, science performance input to the performance budgets, science operations tools and Operations Concept Document, understanding and updating the case for NGAO’s science competitiveness and liaising with the science community.  This will continue to be an active area during the Preliminary Design and should move to more of a supporting role until we reach the telescope I&T and science verification phase.

2. Requirements.  This category includes the development and maintenance of the Operations Concept Document, System Requirements Document, Functional Requirements database, and the software and component standards that we select for NGAO.  The System and Functional Requirements were developed during the System Design phase and will require updating during the remaining design phases.  The initial Operations Concept and Standards Documents will be developed during the Preliminary Design. 

3. Systems Engineering Analysis.  This is where all the performance budgets and the modeling and analysis tools are developed and maintained.  There is a close connection with the Science Case Development WBS activities.  

4. Interface Control.  This WBS covers the development and maintenance of the external interface definitions to the Observatory and to the NGAO science instruments, and the internal interface definitions between NGAO subsystems.  One or more Interface Control Documents will be produced.

5. Configuration Control.  Initially this covers the definition of the configuration control process and subsequently the configuration control activity.  

6. Technical Risk Assessment and Mitigation.  This WBS covers analysis of the technical risks and some mitigation activities.  Most mitigation activities are covered under the appropriate development WBS.

7. Design Manual.  A System Design Manual was produced during the System Design phase.  This Manual was updated during the Preliminary Design phase and will be updated again as a product of the Detailed Design phase.  It will ultimately be further updated to reflect the as-built system in order to provide the operations team with a complete design reference.   

2.3.4 AO System WBS

WBS 4.0 includes all of the elements related to the AO system itself.  All of the subsystems are expected to be completed, including testing and demonstration of compliance at the subsystem level, within their WBS element.  These subsystems, as well as the subsystems from WBS 6.0 and 7.0, are then delivered to WBS 4.9 AO system lab I&T.  The output of WBS 4.9 is an AO system demonstrated to be ready for telescope I&T. 
2.3.5 Laser Guide Star Facility WBS

WBS 5.0 includes all of the elements related to the laser facility itself.  All of the subsystems are expected to be completed, including testing and demonstration of compliance at the subsystem level, within their WBS element.  These subsystems, as well as appropriate elements of WBS 6.0, are then delivered to WBS 5.5 laser system lab I&T.  The output of WBS 5.5 is a laser system demonstrated to be ready for telescope I&T. 
2.3.6 Control System WBS

WBS 6.0 includes all of the elements related to non-real-time motion and device control within the AO and LGS facilities, as well as the control loops and offloads not provided by the real-time control system.  The data server collects and temporarily stores the non-real-time data required to support science data reduction or system performance and diagnostics monitoring.

2.3.7 Science Operations Tools WBS

The science operations tools provide the high level coordination between the AO system, laser system, telescope and science instruments.  These are the tools used to operate the NGAO system for science.  The user interfaces provide the operator and astronomer interfaces to NGAO and the multi-system command sequencer provides the high level coordination.  The pre- and post-observing tools are intended to support optimal observation planning and the generation of the data needed by the astronomer to make their observations scientifically useful.  

2.3.8 Telescope and Summit Engineering WBS 

This WBS covers the modifications needed to the telescope and summit facilities, and existing Keck II AO science instruments (NIRC2 which will be moved to Keck I) and the interferometer, needed to integrate with NGAO.  Currently there is no effort in the area of telescope performance.  

2.3.9 Telescope Integration and Test WBS

This WBS covers all NGAO activities at the summit, from installation through performance characterization and science verification.

2.3.10 Operations Transition WBS

This WBS covers the development of operations plans and training of operations personnel.  These activities will overlap in time with elements of other WBS elements, especially integration and test.  The cost of operations personnel to be trained is covered by the Observatory. 

2.3.11 DAVINCI Science Instrument WBS

This WBS covers the design and development of the NGAO science instrument, DAVINCI. 
2.4 Product Breakdown Structure

A partial view of the Product Breakdown Structure (PBS) is provided in Figure 6.  MS Project was chosen as the tool to maintain the PBS since it allows easy roll-up of the structure. This PBS has been used to help develop the WBS and as a structure for the NGAO functional requirements database.   
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Figure 6.  NGAO Product Structure.

2.5 Project Milestones and Schedule

The major project milestones are shown in Table 2.  Our ability to meet these milestones will strongly depend on the availability and consistency of funding.  It will also depend on advance knowledge of when funding will become available since it takes time to ramp up personnel and to set up contracts.  

The 24 month Detailed Design, as discussed in section 3.5, is driven by the availability of funding, and by the need to allow time to significantly increase the number of personnel at the start of the Detailed Design phase.  The 18 months between the end of the Detailed Design and the start of lab I&T will only be adequate if long lead procurements can be placed during the Detailed Design.  The 1st laser procurement in particular will need to be placed during the Detailed Design.  

Table 2.  NGAO Project milestones.

	Year
	Month
	NGAO Project Milestone

	2008
	April
	System Design Review

	2010
	June
	Preliminary Design Review

	2010
	September
	Detailed Design Phase Begins (if approved)

	2012
	September
	Detailed Design Review

	2013
	May
	1st AO Subsystem Acceptance Review

	2013
	July
	1st Laser Pre-Telescope Readiness Review

	2014
	January
	1st Laser First Light with Keck II AO

	2014
	February
	Last AO Subsystem Acceptance Review

	2014
	March
	DAVINCI Pre-ship Review

	2014
	November
	AO Pre-Ship Readiness Review

	2015
	February
	NGS First Light

	2015
	June
	LGS First Light

	2015
	October
	Operational Readiness Review


WMKO’s observing time is scheduled in six month increments beginning in February and August.  Generally speaking WMKO notifies the Time Allocation Committees (TACs) of instrument availability at least five months prior to the next observing semester.  The NGAO summit integration effort needs to be coordinated with this process.  The successful completion of the later NGAO project milestones would therefore result in notifications of AO science availability, shown in Table 3, being sent to the TACs.  For example, the project milestone of the pre-telescope readiness review just prior to August, 2013 would be the milestone at which we would notify the TACs that the Keck II AO system would not be available for science in semester 14A.  We would be performing science verification science in semester 14B, but no AO system would be available on Keck II for TAC-allocated science for a full year in this scenario.  The Keck I AO system would be available for science during this period but the Keck Interferometer would not be able to be used for a year, except for some limited science verification in semester 14B.  

Table 3.  TAC notifications associated with NGAO milestones.

	Date
	Milestone
	TAC Notification for Semester

	Feb, 2013
	Laser Factory Readiness Review
	LGS AO unavailable 2nd half of 13B

	Aug, 2013
	1st Laser Pre-Telescope Readiness Review
	New laser available for 14A shared-risk

	Feb. 2014
	1st Laser 1st Light with Keck II AO
	New laser available for 14B shared-risk

	Aug, 2014
	Good progress on AO Lab I&T
	AO system unavailable Dec/14 thru 15A

	Feb, 2015
	Shared-Risk Science Availability Review
	NGAO available for shared-risk for 15B

	Aug, 2015
	Science Availability Review
	NGAO available for science for 16A


2.6 NSF Proposals

This post-PDR SEMP makes some assumptions about three proposals submitted to the NSF:
· An awarded MRI proposal for a center launch telescope for the Keck II laser (KAON 707).  This project started in FY10.  This launch telescope will become the NGAO laser launch telescope.  The schedule and budget for this project are already in place.  The schedule will be tied via milestones to the NGAO schedule.  The budget, excluding indirect costs, will be counted against NGAO’s budget cap.

· A submitted MRI proposal for a new Keck II laser that would start in FY11.  This laser would become the first NGAO laser.  For the purpose of NGAO planning we are assuming that this proposal will be funded.  If this proposal is unsuccessful a replan activity will be required for the procurement and implementation of the first NGAO laser.  The schedule and budget for this project are already defined in the proposal.  The schedule will be tied via milestones to the NGAO schedule.  The budget, excluding indirect costs, will be counted against NGAO’s budget cap.  This proposal includes agreements with ESO and the TMT to share development costs.
· A submitted ATI proposal for a near-IR tip-tilt sensor for Keck I that would start in FY11.  This would be a risk reduction activity for NGAO but provides no hardware for NGAO.  From the NGAO perspective we will monitor the progress of this activity for our risk reduction purposes but we will not address the schedule or budget for this activity in our NGAO planning.  If this proposal is funded we will use its schedule to help define decision points for the NGAO near-IR tip-tilt sensors. 
2.7 Cost Estimate

2.7.1 Introduction

The purpose of the cost estimation process was to develop a cost to completion for the NGAO facility including the DAVINCI science instrument.  This represents the fourth cost estimation process for the project.  These cost estimates, as well as a cost comparison, are listed below:

· An initial cost estimate was prepared as part of the original NGAO proposal (KAON 400) dated June 2006.  This included an estimate for NGAO and a suite of science instruments.

· A cost estimate was prepared as part of the system design.  This cost estimate and the process are documented in the Systems Engineering Management Plan prepared for the SDR (KAON 574).  This process utilized the TMT cost sheet based cost estimation process to generate labor, non-labor, travel and contingency estimates for each phase (PD, DD, FSD and DC) of ~100 WBS elements.
· The NGAO cost estimate was questioned at the April 2008 SDR in comparison to the higher cost estimate for the TMT first light AO system.  A cost comparison with the TMT first light AO system was performed in collaboration with TMT.  The report (KAON 625 dated November 2008) concluded that NGAO was traceably less expensive than the TMT system for reasons that were understood.  The main additional finding was that the laser procurement estimate needed to be more solidly base.  The overall conclusion was that the cost estimation methodology used for the SDR had given reasonable estimates.    

· In August 2008 we received new guidance from the Directors to develop a build-to-cost concept for NGAO with a $60M cost cap in then year dollars.  This cost cap included the NGAO science instruments and all costs from the start of the system design through completion.  The team developed a simplified system (KAON 642) with a revised cost estimate (KAON 648) which successfully passed the build-to-cost review in March 2009 (KAON 650).  
A full description of both the cost sheet based estimation process and estimator guidelines for our System Design phase cost estimate, which was repeated for the Preliminary Design phase, is provided in KAON 546.

For the preliminary design cost estimate we have taken the cost sheets one step further by generating MS project plans for the phases with labor rates based on individuals.  The cost sheets and MS project plan supported each other in this development.  The cost sheets were a useful working tool, often supported by separate more detailed costing tools preferred by the individual estimators, in developing the cost estimate and especially in the use of risk factors to determine contingency.  Ultimately however we used the detailed MS project plan to develop the cost estimate and the cost sheets to provide the contingency rates.

2.7.2 Cost Estimation Process

2.7.2.1 Objectives

The primary objective of the PD phase cost estimation effort was set out to develop a comprehensive estimate of the total NGAO project cost, including science instruments.  This includes the costs for engineering, design, analysis, procurement, fabrication, assembly, inspection, administration, installation, and commissioning of the telescope, instrumentation, and support facilities.

The cost estimates were prepared by responsible technical experts who are experienced in the various fields required to design, build, and commission the NGAO system.  Vendor quotations, engineering calculations, analogies based on prior telescope programs, and parametric cost estimates were collected at appropriate levels of the project Work Breakdown Structure and by project phase.  Approximately 175 cost estimation sheets were generated and organized into the NGAO PD Cost Book.  This documentation includes the basic configuration information and all critical assumptions used during the estimating process.  Two sample cost estimation sheets can be found in the Appendices. 
Large, complex, and challenging projects entail uncertainty and cost risk.  A contingency to cover anticipated costs resulting from this uncertainty has been developed using standardized risk analyses as established in the cost estimating plan.  Contingencies have been developed at the same level of the WBS used to prepare the cost estimates.

NGAO costs will be monitored and controlled over the life of the project.  The cost estimate has been integrated with the project schedule to establish a time phased budget baseline.  This time-phased budget has been developed in detail for the Detailed Design phase and at an annual cost level for the full NGAO project.  A more formal project management control system will be established in the DD phase to compare actual costs with the project’s budget baseline and the work accomplished.

The NGAO PD phase cost estimate is a detailed bottom-up estimate performed at the lowest reasonable level.  The estimate is based on the project Work Breakdown Structure (WBS), a product-oriented hierarchy that identifies all the elements of the NGAO project and their parent/child relationships. The scope of work for each WBS element will be described in the NGAO WBS Dictionary entries.  Each lowest-level WBS element has been estimated independently for each program phase including Detailed Design, Full Scale Development, and Delivery and Commissioning.  The cost estimate for each activity is based on the scope of work defined for the WBS element for each defined program phase.  Where strong parametric relationships have been established for specific portions of the estimate, a Cost Estimating Relationship (CER) has been utilized and referenced in the BOE.  All estimates are given in FY10 dollars in the cost sheets. 
2.7.2.2 Project Phases

For each WBS element, the full cost-to-completion is subdivided into the three project phases shown in Table 4.
	NGAO Project Phase
	Phase Code
	Duration

	Detailed Design
	DD
	24 months

	Full Scale Development
	FSD
	24 months

	Delivery and Commissioning
	DC
	18 months


Table 4.  NGAO Project phases and durations.

The durations are tentative for the purpose of the Preliminary Design phase cost estimation task and will be updated for future revisions of the project cost estimate.  The majority of the work in the DC phase will be expended in the first 12 months, but the DC phase allows for an 18-month phase to fully complete transition to routine science operations.

For guidance on the level of maturity of design, we adopt for this costing exercise the WMKO Instrument Development Program Definitions of project phases (Adkins, S., “An Overview of the WMKO Development Phases”, December 8, 2005).  This is, in part, as follows:

Preliminary Design

The preliminary design phase has two primary objectives.  The first objective is to deliver documented designs for each system, sub-system and component, hardware or software, of sufficient detail to establish through inspection and analysis the feasibility of the proposed design, and the likelihood that the design will meet the requirements.  The second objective is to present the project plan to completion, including a detailed schedule and budget. 

Detailed Design

The detailed design phase has two primary objectives.  The first objective is to complete the design, fabrication and assembly documentation for the system and all components, hardware or software, and show that the final design complies with all specifications and applicable standards.  The second objective is to present the project plan to completion, including a schedule and budget. 

Full Scale Development

The full-scale development phase builds the hardware, codes the software and integrates the complete system and performs laboratory testing culminating in the completion of an acceptance test plan followed by a pre-ship review. 

Delivery and Commissioning

The objective of the delivery and commissioning phase is to install the AO instrument on one of the Keck telescopes, verify the correct operation of all hardware and software, perform first light observations and gather the data needed to complete the Acceptance Test Plan. 

2.7.2.3 Costing Methodology

Each WBS Estimator provided data for each activity within the WBS, categorized by specific labor category, non-labor category, or travel.  Each item in the cost estimate was tagged with a descriptor that characterizes the method used to derive the estimate.  The categories established for this project in decreasing order of general confidence, and the associated code for entry in the Cost Estimating Input Form, are shown in Table 5.

	Estimating Methodology
	Input Code

	Direct Historical Data (“done before”)
	DH

	Catalog Prices
	CP

	Vendor Quotes
	VQ

	Cost Estimating Relationship
	CER

	Engineering Estimate
	EE


Table 5.  Estimating Methodology

Each methodology is defined in the following fashion:

· Direct Historical Data - The use of costs demonstrated in immediate, applicable history for the same product or service.
· Catalog Prices - A known, advertised price from a potential supplier for a specific product or service.
· Vendor Quote - A quote from a potential supplier within the program estimate.  Note: although useful to refining our current cost estimates, a balance must be found that satisfies project needs while not alienating vendors who often commit considerable resources for the generation of detailed price quotes.
· Cost Estimating Relationship – An estimate based on parametric relationships, analogy to another program, or by “Rule of Thumb.”

· Parametric Estimate – A statistical model based on characteristics and costs of multiple previous observations.
· Estimate by Analogy - Scaling of costs demonstrated in previous observations using subjective or objective factors.
· Rule of Thumb - General cost relationships demonstrated by informal studies of past programs.

· Engineering Estimate – An estimate based on the judgment of a recognized authority.
2.7.2.4 Resource Pricing

Labor, Non-Labor, and Travel costs have been based directly on information provided by the cost estimator.  All Labor Resource estimates were provided in hours of direct effort required to complete the work package and/or perform the task; the cost of labor resource estimates was calculated within the MS project plan utilizing the hours estimated and actual labor rates.  Non-Labor expenses such as materials, subcontracts, and non-travel direct costs were estimated based on the unit cost and number of units required.  Travel costs were based on the number of trips, general trip location, and duration of the trip.  A narrative rationale for each resource estimate was developed and included in the estimate.

2.7.2.5 Labor Resources

Average NGAO labor rates for each labor category were used in the cost sheets for pricing direct labor.  The labor categories used in the estimating process, the associated code for entry in the Cost Estimating Input Form, and comparable Salary Grade are provided in Table 6.  However, these were replaced with actual rates for individuals in the MS project plan.
	Resource
	Input Code
	Salary Grade

	Technical Functions:

	Post Doc
	PostDoc
	A

	Technician
	Tech
	A

	Junior Scientist / Engineer
	JunSci
	B

	Associate Scientist / Engineer
	AssoSci
	C

	Information Tech. Specialist
	IT
	C

	Senior Scientist / Engineer
	SrSci
	D

	Lead Scientist / Engineer
	LdSci
	E

	Free Labor
	FL
	$0 / hr

	Business Functions:

	Administrative I
	AsstAdmin
	A

	Administrative II
	AssoAdmin
	B

	Management Functions:

	Subsystem Manager
	SubMgr
	E

	Project Manager
	ProjMgr
	E

	


Table 6.  Labor categories.

All estimates were provided in hours of productive effort required to accomplish the task.  The rates used to price labor hours have been adjusted to include paid leave such as sick leave, vacations, holidays, etc. All fringe benefits and other indirect costs have been included and applied by the cost estimating system utilizing demonstrated burdening factors. 

Detailed salary figures are not included here in order to protect privileged personnel information however we can report this summary labor rate information.  The total labor dollars and reported hours for the PD during FY10 are listed in Table 7.  The CIT and UCO hours are hours based on a 40 hour week whereas the WMKO hours are actual hours.  Depending on how many hours people work in excess of 40 hours on average the CIT and UCO average hourly rates could be a few percent lower.
[image: image8.emf]FY10 Actuals 
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Labor $

Labor Hrs

Average 

Hourly Rate

CIT without JPL

210,889 2,291 $92.06

UCO

210,644 2,354 $89.50

UCO postdoc

35,925 1,120 $32.08

WMKO

537,827 8,038 $66.91

Total

995,286 13,802 $72.11


Table 7: PD phase actuals during FY10
The weighted-average hourly salary rate of all labor on the NGAO project equals $72.11/hour in FY10 including burden and benefits.  

2.7.2.6 Non-Labor Expenses

All non-labor and non-travel expenses that will be directly charged to NGAO have been included as a non-labor expense estimate.  This includes, but is not limited to, all subcontracts, materials and equipment, and shipping costs. All non-labor estimates have been placed into the appropriate category to identify the type of activity that will take place.  The categories, and the associated code for entry in the Cost Estimating Input Form, are provided in Table 8.

	Category
	Input Code

	Equipment
	EQP

	Material
	MAT

	Subcontract
	SUB

	Shipping
	SHIP

	Other Direct Cost
	ODC


Table 8.  Non-labor categories.

2.7.2.7 Travel

All travel in support of an activity has been included as part of the input sheet submitted for that item.  Travel estimates were performed by determining the number of trips that will be required based on the general location and duration.  Travel destinations and durations, and the associated codes for entry in the Cost Estimating Input Form, are shown in Table 9 and Table 10, respectively.

	Destination
	Input Code

	Intra – California
	CALIF

	Hawaii – California
	HAWAII

	International (Origination/Destination unspecific)
	INTER

	Other locations not included in above list
	OTHER


Table 9.  Travel destination categories.

	Duration
	Input Code

	Extended: More than three weeks.
	EXT

	Long: Greater than one week but less than 3 weeks.
	LONG

	Mid: Greater than 3 days but less than 1 week.
	MID

	Short: Three days or under
	SHORT


Table 10.  Travel duration categories.

Travel applicable to conferences, project-wide reviews, outreach, and funding source meetings has been included as costs in the NGAO Project Management WBS 2 element and not as part of the input sheets submitted for a particular item.  
Estimators assumed that entire Level 3 WBS elements (e.g. WBS 4.4) will be executed entirely within a single partnership organization.  (I&T elements, of course, will require multiple institution participation and are expected to require considerable travel.)

We have included the labor costs for travel itself (e.g. time ‘sitting on a plane’) in the travel section of our cost summarizes, depending on the duration of each flight.  Estimators therefore included in their WBS element labor resource estimates only the actual work hours spent at the destination site, and not labor hours while traveling.

2.7.2.8 Shipping

Shipping for each element to its integration point, assumed to be WMKO headquarters facility in Kamuela, HI, has been included with the estimate for that cost element.  The cost of shipping integrated elements from WMKO to the summit has been estimated as a cost for the Integration and Test element of the WBS. Insurance costs for all shipments between California and Hawaii have not been specifically included, as each of WMKO, COO, and UCO/Lick typically self-insures.
2.7.2.9 Sales Tax

We assume the NGAO project will incur sales / use taxes on some but not all purchases, depending on the organization making the purchase, the location of the vendor, and other factors.  Out-of-state procurements are charged sales tax in California but not in Hawaii.  Based on a cursory assessment of a plausible procurement division between the NGAO partners, we have currently adopted an ‘effective’ sales tax rate of 3.00% which we apply to all non-labor EQP and MAT cost categories.   

2.7.3 Previous Cost Estimates

2.7.3.1 System Design Cost Estimate

Table 11 is the cost estimate for NGAO presented at the SDR (from KAON 574 Table 11).

	Phase
	Labor (PY)
	Cost Estimate (FY08 $k)
	% of NGAO Budget

	
	
	Labor
	Non-Labor
	Travel
	Sub-Total
	Contin-gency
	Total
	

	Preliminary Design
	21.0
	2,582
	216
	224
	3,022
	458
	3,479
	8%

	Detailed Design
	43.6
	5,516
	1,827
	354
	7,697
	1,403
	9,100
	22%

	Full Scale Develop
	50.5
	5,661
	14,510
	626
	20,797
	5,234
	26,031
	62%

	Delivery/ Commission
	22.4
	2,287
	250
	478
	3,015
	602
	3,617
	9%

	Total =
	138
	16,045
	16,804
	1,681
	34,531
	7,697
	42,227
	100%

	%  =
	
	38%
	40%
	4%
	82%
	18%
	100%
	


Table 11:  NGAO cost estimate (in FY08 $k) as presented at the SDR

As part of the build-to-cost exercise (see section 2.7.3.3) the SDR cost estimate was converted into then-year dollars and proposal level cost estimates were added for the initially proposed science instruments, excluding the deployable integral field spectrograph.  The deployable integral field spectrograph was the primary casualty of the build-to-cost exercise.  The resultant then-year $ cost estimate is shown in Table 12.
	 
	Actuals ($k)
	Plan (Then-Year $k)
	 

	NGAO System
	FY07
	FY08
	FY09
	FY10
	FY11
	FY12
	FY13
	FY14
	FY15
	Total

	System Design
	739
	495
	 
	 
	 
	 
	 
	 
	 
	1234

	Preliminary Design
	 
	214
	1800
	1144
	 
	 
	 
	 
	 
	3158

	Detailed Design
	 
	 
	 
	1600
	5500
	1426
	 
	 
	 
	8526

	Full Scale Development
	 
	 
	 
	 
	 
	5966
	11115
	7669
	 
	24750

	Delivery & Commissioning
	 
	 
	 
	 
	 
	 
	 
	1853
	1918
	3771

	Contingency (22%)
	 
	 
	 
	490
	 
	3111
	2798
	2300
	383
	9082

	Added Contingency (25% total)
	 
	 
	 
	 
	 
	 
	300
	400
	445
	1145

	NGAO Total =
	739
	709
	1800
	3234
	5500
	10504
	14213
	12223
	2745
	51667

	NIR Imager
	 
	 
	200
	482
	907
	1044
	978
	157
	 
	3769

	NIR IFU
	 
	 
	50
	240
	606
	1300
	1400
	1404
	 
	5000

	Visible Imager
	 
	 
	 
	 
	499
	1161
	948
	879
	162
	3650

	Contingency (30%)
	 
	 
	 
	50
	300
	600
	1000
	1775
	 
	3725

	NGAO Instrument Total =
	 
	 
	250
	772
	2312
	4105
	4326
	4216
	162
	16144

	Overall Total =
	739
	709
	2050
	4006
	7812
	14609
	18539
	16438
	2908
	67810


Table 12.  NGAO SDR cost estimate with instruments added (in then-year $).
2.7.3.2 TMT AO Cost Comparison

The large cost difference between the NGAO SD cost estimate and the TMT first light AO cost comparison was a source of concern at the NGAO SDR.  We followed up on this concern by performing a cost comparison between these two proposed systems.  This comparison was summarized in KAON 625 with input and agreement on its conclusions from Brent Ellerbroek.  The resultant report at the November 2008 WMKO SSC meeting was very positively received.  

The conclusions from this comparison were:

· We & TMT agree that NGAO is traceably less expensive than the 1st light TMT AO system & we understand why

· Some areas identified that require more work:

· Contingency rates need to be re-evaluated

· At minimum should be increased for laser & potentially for RTC
· Laser procurement estimate needs to be more solidly based

· Minor items: Laser system labor & cost of RTC labor

· NFIRAOS comparison was worthwhile for determining confidence in NGAO estimate.

· Methodology largely gave us reasonable system design estimates
2.7.3.3 Build-to-Cost Cost Estimate

In August 2008 the Directors provided the NGAO team with a cost cap of $60M in then-year dollars including the NGAO science instruments.  This cost cap included the completed system design phase and extended through commissioning of the NGAO facility.  The NGAO team was required to develop and present a feasible build-to-cost approach.  This challenge was met (KAON 642) and successfully reviewed (KAON 650) in March 2009.  The build-to-cost cost estimate is shown in Table 13.

	 
	Actuals ($k)
	Plan (Then-Year $k)
	 

	NGAO System
	FY07
	FY08
	FY09
	FY10
	FY11
	FY12
	FY13
	FY14
	FY15
	Total

	System Design
	739
	495
	 
	 
	 
	 
	 
	 
	 
	1234

	Preliminary Design
	 
	214
	1240
	1492
	 
	 
	 
	 
	 
	2946

	Detailed Design
	 
	 
	 
	1600
	5500
	978
	 
	 
	 
	8078

	Full Scale Development
	 
	 
	 
	400
	500
	7415
	8715
	5262
	 
	22293

	Delivery & Commissioning
	 
	 
	 
	 
	 
	 
	 
	1764
	1825
	3589

	Contingency (24%)
	 
	 
	 
	466
	 
	1741
	3014
	3119
	611
	8951

	NGAO Total =
	739
	709
	1240
	3958
	6000
	10134
	11729
	10145
	2436
	47090

	IFS Design
	 
	 
	51
	229
	78
	 
	 
	 
	 
	358

	Imager and IFS Instrument
	 
	 
	123
	443
	4284
	4264
	486
	12
	 
	9613

	Contingency (10/30%)
	 
	 
	17
	67
	1309
	1279
	146
	4
	 
	2822

	NGAO Instrument Total =
	 
	 
	192
	739
	5670
	5544
	632
	15
	0
	12793

	Overall Total =
	739
	709
	1432
	4697
	11670
	15678
	12361
	10161
	2436
	59883


Table 13:  Build-to-cost cost estimate (in then-year $)

2.7.4 Cost Estimate

2.7.4.1 Full Project Cost Estimate
Our full project cost estimate is provided in Table 14.  This is in the same format as the build-to-cost estimate in Table 13.  The main format change reflects the fact that we have been awarded one NSF MRI proposal and we are budgeting with the assumption that a 2nd proposal will also be funded.  The total cost is $58.5M including an average contingency rate of 26% on the NGAO system and 30% on DAVINCI.
[image: image9.emf]NGAO System FY07 FY08 FY09 4/30/10 FY10 FY11 FY12 FY13 FY14 FY15 FY16 Total

System Design (WMKO) 725 513 6 1244

Preliminary Design (TSIP) 150 1153 1007 535 2845

Detailed Design 100 2691 3569 6360

Full Scale Development 10183 10539 20722

Delivery & Commissioning 610 1831 106 2548

Contingency  458 962 1984 3814 523 7742

NGAO Total =

725 663 1159 1007 635 3149 4531 12167 14964 2354 106

41460

MRI Laser Launch Telescope 49 213 1222 50 1535

MRI Laser 1323 611 940 339 3214

NGAO Proposal Total =

0 0 0 49 1537 1833 990 339 0 0 0

4748

DAVINCI Prel. Design (TSIP) 137 108 245

DAVINCI PD & DD 91 725 815

DAVINCI FSD & DC 415 5988 1724 275 81 3 8486

Contingency 9 342 1796 517 83 24 1 2772

NGAO Instrument Total =

0 137 208 1481 7784 2242 358 105 4

12318

Overall Total =

725 663 1159 1193 2379 6463 13306 14748 15322 2459 110

58527

Plan (Then-Year $k) Actuals ($k)


Table 14: NGAO cost estimate (in then-year $)
A high-level comparison between the build-to-cost estimate and the current cost estimate can be found in Table 15.  Overall the estimate has been reduced by $1.36M.  The funding situation is also shown in this table.  To date $6.1M has been committed to NGAO including funding for the system design phase from WMKO, funding for the preliminary design funding from TSIP and funding for the laser launch telescope from the NSF MRI program.  The proposed and required funding to complete NGAO is also shown. 
[image: image10.emf]NGAO System Total

Committed Proposed Required

System Design (WMKO) 1244 1244 0 10

Preliminary Design (TSIP) 2845 3031 -186 -101

Detailed Design 6360 6360 -1718

Full Scale Development 20722 20722 -1571

Delivery & Commissioning 2548 2548 -1041

Contingency  7742 7742 -1209

NGAO Total = 41460

-5631

MRI Laser Launch Telescope 1535 1535 0 1535

MRI Laser 3214 3214 0 3214

NGAO Proposal Total = 4748

4748

DAVINCI Prel. Design (TSIP) 245 245 0 245

DAVINCI PD & DD 815 815 457

DAVINCI FSD & DC 8486 8486 -1127

Contingency 2772 2772 -50

NGAO Instrument Total = 12318

-475

Overall Total = 58527

6054 3214 49259

-1357

PDR-B2C

Funding ($k)


Table 15: Current NGAO cost estimate compared to funding and the build-to-cost estimate (then-year $)
A different view of the cost estimate for the NGAO system (excluding instrument) by phase is provided in Table 16.  This provides the breakdown of cost by labor, non-labor and travel.  Table provides the same information for DAVINCI.
[image: image11.emf]Labor Non-Labor Travel Sub-Total

Contin-

gency Total

System Design 13,799 1,208,932 $   10,000 $          25,000 $        1,243,932 $     1,243,932 $    7%

Preliminary Design 39,875 2,832,485 $   188,535 $        68,209 $        3,089,228 $     3,089,228 $    18%

Detailed Design 70,791 4,815,685 $   1,014,143 $     202,100 $      6,031,928 $     1,340,525 $   7,372,454 $    43%

Full Scale Development 85,542 - $                 - $                   - $                 - $                   5,114,002 $   5,114,002 $    30%

Delivery/Commission 40,672 - $                 - $                   - $                 - $                   425,167 $      425,167 $       2%

Total = 250,679 8,857,102 $   1,212,678 $     295,309 $      10,365,089 $   6,879,695 $   17,244,784 $  100%

% = 51% 7% 2% 60% 40% 100%

Cost Estimate (FY10 $)

Labor (hrs) Phase

% of 

NGAO 

Budget


Table 16: NGAO cost estimate by phase and category

[image: image12.emf]Labor Non-Labor Travel Sub-Total

Contin-

gency Total

Preliminary Design 3,202 244,632 $      - $                   - $                 244,632 $        - $                 244,632 $       2%

Detailed Design 12,788 858,586 $      - $                   3,000 $          861,586 $        258,476 $      1,120,062 $    9%

Full Scale Development 15,212 970,788 $      6,961,000 $     31,000 $        7,962,788 $     2,388,836 $   10,351,624 $  87%

Delivery/Commission 1,302 84,033 $        - $                   6,000 $          90,033 $          27,010 $        117,043 $       1%

Total = 32,503 2,158,039 $   6,961,000 $     40,000 $        9,159,039 $     2,674,322 $   11,833,361 $  100%

% = 18% 59% 0% 77% 23% 100%

DAVINCI Phase Labor (hrs)

Cost Estimate (FY10 $)

% of 

DAVINCI 

Budget


Figure 7: DAVINCI cost estimate by phase and category
A view of the full cost estimate by WBS element and phase is provided in Table 17.  This table provides the overall cost in FY10 dollars.  The final column provides the percent contingency on the unspent dollars.   

[image: image13.emf]WBS WBS Title

Prelim. 

Design

Detailed 

Design

 Full Scale 

Dev. 

 Delivery & 

Commiss.   Base Cost 

 Contin-

gency   Total 

% Cont-

ingency

2 Management 475,291 $      777,100 $      884,254 $        343,615 $      2,480,260 $     193,039 $      2,673,299 $    10%

3 Systems Engineering 768,273 $      1,081,533 $   412,766 $        208,249 $      2,470,821 $     364,089 $      2,834,910 $    21%

4 AO System 721,868 $      2,838,523 $   12,820,411 $   3,319 $          16,384,121 $   4,722,883 $   21,107,004 $  30%

5 Laser Guide Star Facility 217,204 $      171,341 $      1,929,426 $     - $                 2,317,971 $     384,555 $      2,702,526 $    18%

6 Control System 103,374 $      758,892 $      885,797 $        - $                 1,748,063 $     530,908 $      2,278,971 $    32%

7 Science Operations Tools 15,078 $        134,986 $      421,731 $        - $                 571,795 $        145,434 $      717,229 $       26%

8 Telescope & Summit Eng. 3,384 $          171,232 $      411,063 $        - $                 585,678 $        106,667 $      692,346 $       18%

9 Telescope Integr. & Test - $                 83,585 $        87,646 $          1,526,776 $   1,698,007 $     368,724 $      2,066,730 $    22%

10 Operations Transition 5,061 $          14,737 $        515,511 $        46,087 $        581,396 $        63,397 $        644,792 $       11%

11 DAVINCI 136,632 $      790,697         7,855,879 $     8,783,208 $     2,575,866 $   11,359,074 $  30%

System Design 1,243,932 $     1,243,932 $   

PD (May-Aug/10) 642,860 $      642,860 $        642,860 $      

MRI Launch Telescope 1,534,515 $     1,534,515 $   

MRI Laser 3,213,795 $     3,213,795 $   

Sub-Totals (FY10)

3,089,025 $   6,822,625 $   26,224,485 $   2,128,046 $   44,256,422 $   9,455,561 $   53,711,983 $ 


Table 17: Cost estimate by WBS and phase (FY10 $)

2.7.4.2 NGAO Cost Comparison

A cost comparison with other similar projects was presented in the system design SEMP (KAON 574).  As already reported a detailed cost comparison was also performed versus the TMT first light AO system (KAON 625).  
For comparison the spending profile for the Keck II LGS AO system is shown in Figure 7.  Some key milestones are shown included the date of the critical design review and the dates of the first TAC-allocated science night for both NGS and LGS AO.  The total cost through the first LGS AO science night was $10.4M in then-year dollars.  The original budget was $8.3M of Keck Foundation and NASA matching funds.  The 25% cost overrun is largely attributable to the multiple years of getting the laser, shipped to Keck HQ in February 1998, to an operational state.  The total amount inflated to FY10 dollars, assuming 3.5% inflation, is $15.5M (with an extra $1M for each ½ percentage point). 
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Figure 8: Cost of Keck II LGS AO in actual then-year dollars
2.7.4.3 NGAO Detailed Design Phase Cost Estimate

A more detailed breakdown of costs during the detailed design phase is shown in Table 18.  This table shows the WBS level at which the cost estimate was prepared.  A rolled up version, just showing the top level WBS elements, is provided in Table 19.  
Overall the DD phase budget has gone down by $1.6M.  The items resulting in major reductions include shifting the launch telescope and laser costs to the MRI proposals, the choice of laser which has allowed for the reuse of the existing laser enclosure and the choice to reuse much of the existing Nasmyth platform enclosure for the NGAO system.  The major cost increase was an overall increase in the cost of the RTC system, due to reducing the latency requirement, and the need to shift more of this work into the DD phase in order to have the RTC system ready for AO lab I&T.  The reduction in science operations tools has come from shifting work under the responsibility of the control system and from the decision to re-use (with modifications) more of the existing user tools.
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1.4 Detailed Design

70,791

4,815,685 $  1,014,143 $  202,100 $    

6,031,928 $    

22%

1,340,525 $   -1,234 (1,580,940) $  

1.4.1 Design Placeholder 0 hrs - $                  - $                  - $                  - $                   

1.4.2 Project Management 6,516 542,100 $     102,000 $     133,000 $     777,100 $        10% 78,633 $        -4,382

(422,969) $     

1.4.2.1 Planning 1,720 149,010 $      - $                  3,000 $          152,010 $         10% 15,201 $        -180 (32,273) $        

1.4.2.2 Project Management & Meetings 1,712 159,445 $      - $                  57,600 $        217,045 $         10% 21,705 $        -1,588 (188,094) $      

1.4.2.3 Tracking & Reporting 532 54,660 $        - $                  17,200 $        71,860 $           8% 5,749 $          -807 (87,385) $        

1.4.2.4 Proposals & Fundraising 40 3,688 $          - $                  - $                  3,688 $             10% 369 $             0 (1,433) $          

1.4.2.5 Programmatic Risk Assessment & Mitigation 180 17,598 $        - $                  6,000 $          23,598 $           20% 4,720 $          0 (5,769) $          

1.4.2.6 Project Reviews 1,384 122,427 $      - $                  49,200 $        171,627 $         10% 17,163 $        836 57,268 $         

1.4.2.7 Project Support 948 35,271 $        102,000 $      - $                  137,271 $         10% 13,727 $        -2,643 (165,284) $      

1.4.3 Systems Engineering 16,732 995,450 $     22,983 $       63,100 $       1,081,533 $     23% 251,641 $      5,922

60,938 $        

1.4.3.1 Science Case Development 5,420 136,037 $      - $                  33,100 $        169,137 $         13% 21,988 $        3,306 20,992 $         

1.4.3.2 System & Functional Requirements 1,727 121,246 $      4,400 $          - $                  125,646 $         10% 12,565 $        737 56,459 $         

1.4.3.3 Systems Engineering Analysis 7,825 612,779 $     583 $            30,000 $       643,362 $        31% 198,261 $      3,361 299,012 $      

1.4.3.3.1 Performance Tools & Budgets 2,950 247,152 $      - $                  10,400 $        257,552 $         24% 61,813 $        1,830 178,167 $       

1.4.3.3.2 System Engineering Infrastructure Budgets 260 17,357 $        - $                  3,000 $          20,357 $           24% 4,886 $          -924 (114,359) $      

1.4.3.3.3 System Engineering Modeling & Analysis 2,430 173,940 $      583 $             8,200 $          182,723 $         44% 80,398 $        1,670 149,755 $       

1.4.3.3.4 PSF Reconstruction 2,185 174,329 $      - $                  8,400 $          182,729 $         28% 51,164 $        785 85,449 $         

1.4.3.4 System Engineering Interface Control 950 62,899 $        - $                  - $                  62,899 $           16% 10,064 $        -22 (28,072) $        

1.4.3.5 Configuration Control 230 19,297 $        - $                  - $                  19,297 $           10% 1,930 $          -40 4,167 $           

1.4.3.6 Technical Risk Assessment & Mitigation 480 33,024 $        18,000 $        - $                  51,024 $           12% 6,123 $          -1,420 (290,517) $      

1.4.3.7 Design Manual 100 10,168 $        - $                  - $                  10,168 $           7% 712 $             0 (1,102) $          

1.4.4 AO System 25,634 1,949,363 $  889,160 $     - $                 2,838,523 $     24% 694,688 $      -1,453

1,339,260 $   

1.4.4.1 AO Enclosures 822 50,898 $        128,600 $      - $                  179,498 $         16% 28,720 $        702 198,287 $       

1.4.4.2 AO Bench 7,648 548,973 $     - $                 - $                 548,973 $        29% 157,848 $      2,623 235,276 $      

1.4.4.2.1 AO Bench Support Structure 1,260 108,519 $      - $                  - $                  108,519 $         30% 32,556 $        780 95,777 $         

1.4.4.2.2 Entrance & Exit Windows 756 47,639 $        - $                  - $                  47,639 $           26% 12,386 $        756 60,026 $         

1.4.4.2.3 Rotator 756 59,287 $        - $                  - $                  59,287 $           26% 15,415 $        486 50,006 $         

1.4.4.2.4 Wide Field Relay (WFR)  882 55,443 $        - $                  - $                  55,443 $           30% 16,633 $        -532 (61,316) $        

1.4.4.2.5 LGS WFS Feed 437 30,655 $        - $                  - $                  30,655 $           30% 9,196 $          437 39,851 $         

1.4.4.2.6 Narrow Field Relay (NFR) 1,327 93,899 $        - $                  - $                  93,899 $           30% 28,170 $        -87 (11,323) $        

1.4.4.2.7 Optical Switchyard (SY) 1,324 97,397 $        - $                  - $                  97,397 $           30% 29,219 $        524 51,120 $         

1.4.4.2.8 Atmospheric Dispersion Corrector 882 54,123 $        - $                  - $                  54,123 $           26% 14,072 $        234 8,925 $           

1.4.4.2.9 AO Bench Mini Design Review 24 2,010 $          - $                  - $                  2,010 $             10% 201 $             24 2,211 $           

1.4.4.3 LGSWFS Assembly 2,736 205,077 $      - $                  - $                  205,077 $         22% 45,117 $        504 33,127 $         

1.4.4.4 NGSWFS Assembly 1,574 111,270 $      - $                  - $                  111,270 $         18% 20,029 $        306 44,448 $         

1.4.4.5 LOWFS Assembly 4,334 423,845 $      - $                  - $                  423,845 $         20% 84,769 $        114 130,041 $       

1.4.4.6 Acquisition Camera 620 38,390 $        - $                  - $                  38,390 $           20% 7,678 $          432 31,355 $         

1.4.4.7 Alignment, Calibration & Diagnostics 1,240 75,555 $       1,000 $         - $                 76,555 $          18% 13,435 $        -480 (57,857) $       

1.4.4.7.1 Alignment 680 42,106 $        - $                  - $                  42,106 $           18% 7,579 $          -170 (23,688) $        

1.4.4.7.2 Calibration Unit 560 33,449 $        1,000 $          - $                  34,449 $           17% 5,856 $          -310 (34,168) $        

1.4.4.8 Real-Time Controller 6,560 487,395 $     759,560 $     - $                 1,246,955 $     27% 336,297 $      -4,554 833,783 $      

1.4.4.8.1 RTC Control processor 5,600 407,080 $      759,560 $      - $                  1,166,640 $      28% 326,659 $      -4,554 831,893 $       

1.4.4.8.2 DM's and Tip/Tilt Platform 960 80,315 $        - $                  - $                  80,315 $           12% 9,638 $          0 1,890 $           

1.4.4.9 AO System Lab I&T 100 7,959 $          - $                  - $                  7,959 $             10% 796 $             -1,100 (109,201) $      

1.4.5 Laser Guide Star Facility 2,878 171,341 $     - $                 - $                 171,341 $        17% 29,248 $        -80

(1,978,977) $  

1.4.5.1 Laser Enclosure 120 7,104 $          - $                  - $                  7,104 $             12% 852 $             -424 (40,157) $        

1.4.5.2 Lasers 40 2,477 $          - $                  - $                  2,477 $             14% 347 $             -459 (1,949,815) $   

1.4.5.3 Laser Launch Facility 1,668 98,379 $        - $                  - $                  98,379 $           20% 19,676 $        448 1,613 $           

1.4.5.4 Laser Safety Systems 574 33,908 $        - $                  - $                  33,908 $           16% 5,425 $          -73 (18,022) $        

1.4.5.5 LGSF Lab I&T 476 29,474 $        - $                  - $                  29,474 $           10% 2,947 $          428 27,404 $         

1.4.6 Control System 12,256 758,892 $     - $                 - $                 758,892 $        28% 212,490 $      5,911

331,114 $      

1.4.6.1 AO Control System  5,088 315,049 $      - $                  - $                  315,049 $         28% 88,214 $        1,723 43,874 $         

1.4.6.2 LGSF Control System 2,328 144,150 $      - $                  - $                  144,150 $         28% 40,362 $        -282 (57,036) $        

1.4.6.3 Control System Infrastructure  4,840 299,693 $      - $                  - $                  299,693 $         28% 83,914 $        4,470 344,277 $       

1.4.7 Science Operations Tools 2,180 134,986 $     - $                 - $                 134,986 $        26% 34,972 $        -5,905

(630,114) $     

1.4.7.1 Multi-System Command Sequencer 720 44,582 $        - $                  - $                  44,582 $           25% 11,146 $        -2,720 (288,653) $      

1.4.7.2 User Interfaces 660 40,867 $        - $                  - $                  40,867 $           28% 11,443 $        -925 (103,078) $      

1.4.7.3 Pre- & Post-Observing Science Support Tools 800 49,536 $        - $                  - $                  49,536 $           25% 12,384 $        -2,260 (238,383) $      

1.4.7.4 Science Operations Tools Mini-Review 0 - $                  - $                  - $                  - $                   

1.4.8 Telescope & Summit Engineering 3,029 171,232 $     - $                 - $                 171,232 $        18% 30,443 $        -1,119

(250,399) $     

1.4.8.1 Infrastructure Modifications for AO 1,550 85,965 $        - $                  - $                  85,965 $           20% 17,193 $        -900 (131,772) $      

1.4.8.2 Infastructure Modifications for LGSF 201 11,792 $        - $                  - $                  11,792 $           16% 1,887 $          -878 (150,164) $      

1.4.8.3 Infrastructure Modifications for Instruments 340 19,521 $        - $                  - $                  19,521 $           20% 3,904 $          340 23,425 $         

1.4.8.4 Interferometer Modifications 520 29,338 $        - $                  - $                  29,338 $           12% 3,521 $          -99 (20,442) $        

1.4.8.5 Common Infrastructure 418 24,616 $        - $                  - $                  24,616 $           16% 3,939 $          418 28,554 $         

1.4.8.6 Telescope & Summit Engineering Mini-Review Ready 0 - $                  - $                  - $                  - $                   

1.4.9 Telescope Integration & Test 1,328 77,585 $       - $                 6,000 $         83,585 $          8% 6,789 $          -128

(24,314) $       

1.4.9.1 Old AO/Laser System Removal 394 22,517 $        - $                  - $                  22,517 $           8% 1,801 $          -86 (5,101) $          

1.4.9.2 Laser Enclosure Integration 0 - $                  - $                  - $                  - $                    0 - $                   

1.4.9.3 AO Enclosure Integration Plan 40 2,477 $          - $                  - $                  2,477 $             40 2,477 $           

1.4.9.4 AO System Install + I&T 120 7,430 $          - $                  - $                  7,430 $             12% 892 $             20 1,016 $           

1.4.9.5 LGSF System Install + I&T 290 17,957 $        - $                  - $                  17,957 $           8% 1,437 $          114 5,153 $           

1.4.9.6 LGS AO System On-sky I&T 200 15,644 $        - $                  - $                  15,644 $           9% 1,408 $          0 (3,275) $          

1.4.9.7 Performance Characterization 40 2,477 $          - $                  - $                  2,477 $             14% 347 $             0 641 $              

1.4.9.8 Science Verification 244 9,083 $          - $                  6,000 $          15,083 $           6% 905 $             -216 (25,225) $        

1.4.10 Operations Transition 238 14,737 $       - $                 - $                 14,737 $          11% 1,621 $          0

(5,480) $         

1.4.10.1 Operations Plans 108 6,687 $          - $                  - $                  6,687 $             11% 736 $             0 (652) $             

1.4.10.2 Operations Handover 130 8,050 $          - $                  - $                  8,050 $             11% 885 $             0 (4,828) $          

Contingency


Table 18: Detailed Design phase cost estimate by costed WBS level (FY10 $)
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Table 19: Detailed design phase cost estimate by WBS (FY10 $)
2.7.4.4 NGAO Full Scale Development Cost Estimate
2.7.4.5 NGAO Delivery and Commissioning Cost Estimate

2.7.4.6 DAVINCI Design and Development Cost Estimate
2.8 Risk Assessment and Management

A programmatic and technical risk assessment was performed and documented in KAON 720 along with proposed mitigation efforts.  The JPL risk management approach of ranking risks by likelihood and consequences is used.

It is noted that NGAO programmatic risk also causes us to incur financial risk.  The NGAO project is structured to rely on the successful raising of private funding.  A 1 year slip in starting the presented schedule would result in a $1.5M cost increase in then-year dollars. 
2.9 Configuration and Documentation Management

There are a number of configuration items that will need to be managed.  These include requirements, interface definitions, designs, plans, spares inventory, etc.  The requirements database and controlled documents are described in the preliminary design manual (KAON 768).
Documentation management is performed with the following tools:

· All technical and programmatic notes to continue to be given a Keck Adaptive Optics Note (KAON) number.  These documents will be maintained on the NGAO Twiki site and also on the more protected Keck Docushare site.  

· Requirements to continue to be maintained in the Contour database (see section 2.10).

· Interface definitions to be input and maintained in the Contour database.

· SolidWorks mechanical models to be maintained in a shared repository.  Mechanical drawings to ultimately be maintained within the Keck Mechanical group database using assigned numbers.  

· Electronics drawings to be maintained within the Keck Electronics group database using assigned numbers.

· Spares inventory to be integrated within the Keck Electronics group spares inventory.

· Preventative maintenance tasks to be integrated within the Keck Facilities group preventative maintenance program database.  

An NGAO Configuration Control Board (CCB) has been formed to review and approve changes to the requirements, interfaces, designs and drawings.  The CCB will use similar tools and procedures as used by existing Keck CCBs (for example the AO CCB and the Interferometer CCB).  Keck’s existing Engineering Change Request (ECR) and Field Change Notices (FCN) will be used to request approval for changes.  

CCB responsibilities will be handed over to a Keck operation’s CCB at the time of the Operability Review.  

2.10 Interface Definition

The approach to interface control is defined in KAON 741.  An N-squared diagram is also presented in this KAON to show the interfaces between NGAO subsystems and external to NGAO.  
2.11 Requirements Management and Compliance

KAON 573 describes our approach to requirements development and management.  All requirements from the Science Case Requirements and System Requirements, as well as the Functional Requirements, are maintained in a requirements management software database (e.g., the Contour tool by JAMA software).  This database is web accessible from each of our three institutions.    

Compliance testing versus requirements will be performed at the subsystem, system and science levels, corresponding to the functional, systems and science requirements, respectively as shown in Figure 7.

Compliance matrices were compiled for each subsystem during the preliminary design and are documented in KAON 772. 
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Figure 9.  Modified V-diagram shown the requirements flowdown and relationship to testing.

2.12 Integration and Test

Our approach to integration and test is documented in KAON 581 and is shown schematically in Figure 8, along with the WBS numbers for each activity.  This Figure is divided into subsystem development, lab I&T, summit preparation and telescope I&T sections.  A philosophy that will be followed throughout this process is for subsystems and systems to be complete, including testing versus requirements, prior to transitioning to the next phase.  This will be ensured by appropriate Reviews.

The subsystem development (WBS 4.0 to 6.0) and summit preparation (WBS 7.0) phase begins with the successful completion of the Detailed Design Review.  These subsystems are intended to be complete and fully tested at the subsystem level prior to system lab I&T.  Their readiness, as well as the readiness of the lab facilities, will be evaluated at a pre-lab I&T Readiness Review.  The AO and laser systems undergo separate lab I&T efforts since they can largely be treated independently.

Readiness of the AO and laser systems, as well as the summit infrastructure to proceed to telescope I&T will be evaluated at a pre-ship review.  Successful completion of this review will result in installation at the telescope followed by a sequence of I&T activities.   

The pre-lab and pre-ship I&T Readiness Reviews will likely be separate events for the laser and AO system.  Ideally the laser would have been implemented on the telescope prior to the AO system pre-ship review in order to minimize the time between decommissioning the existing AO system and implementing NGAO.  

The Operability Review is a milestone intended to mark the point where the system and operations are ready to support shared-risk science observations.  The system will continue to be characterized and optimized prior to the final handover to operations and regular science operations which will be marked by the Operations Readiness Review. 
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Figure 10.  NGAO Integration and Test Approach.

2.13 Component Failure and Spares Approach

Two component failure issues need to be addressed: failures during development and failures during operations.  The impact of failures during development and operations are different.  Spares are one way to address failures and need to be considered in this context.  Highly reliable components should be the standard.

The impact of a component failure depends on the development phase, its criticality to the subsystem and overall system, and the required time to troubleshoot, repair or replace the component.  The failure of a key component during subsystem development could potentially result in the late delivery of a subsystem and the delay of system integration and test.  The failure of a key component during lab or telescope integration and test could result in significant cost and schedule impacts.   

A component failure during a science night must be addressed immediately, preferably by having a back-up mode of the instrument that does not require this component.  It is important to have good tools and procedures for quickly identifying and repairing or replacing the failed component.  The failed component should be able to be replaced or repaired prior to the next night or in the worst case before the next observing run.    

A preventative maintenance program is required during operations to minimize the chance of component failures and to ensure the early detection of components that are starting to fail.  

Failures can be addressed by a combination of troubleshooting and repair procedures, good component documentation, proper sparing, team expertise and vendor support (potentially including maintenance contracts).

Some component failures are more likely to happen during development than operations.  Infant mortality is most likely during subsystem development, where more time is potentially available to replace it.  An optic is more likely to be broken as it is being shipped or integrated during subsystem, lab or telescope integration.

For cost reasons not everything can be spared.  We must therefore focus on the most critical components and the limited lifetime components.  The likelihood and impact of a failure needs to be considered.

A partial list of key components and their recommended sparing was developed during the SD phase and was incorporated in the cost estimate.  This list will be further defined during the remaining design phase.  The sparing recommendation needs to include the number of units in the system, and some analysis of the consequence and likelihood of failure during both development and operations.  This list could be integrated into the Product Structure MS Project tool.

3 Detailed Design Phase Plan

3.1 Decision Tree for Proceeding to DD

As of early May 2010 we do not have permission to proceed with the NGAO DD phase nor do we have the funding.  This stems from the CARA Board decision in February 2009 that a lead private donor gift must be identified before proceeding beyond the PD phase.  A lead gift will continue to be aggressively pursued at least through December 2010 but has not yet been identified.  In the absence of a lead gift positive recommendations about NGAO, WMKO or new mid-scale proposal opportunities at the NSF in the Astro2010 decadal report, to be issued in August 2010, could influence the Board to allow the DD phase to proceed.  The purpose of this section is to develop and discuss a decision tree for proceeding or not proceeding with NGAO.  

The decision tree shown in Figure 9 assumes that we will use the existing NGAO PD phase TSIP funding to wrap up the PD phase, especially responding to reviewer recommendations, through the end of August 2010.  This will provide the opportunity to determine the impact of the Decadal review report and more time for the lead gift search.  
A decision will be made as to whether to proceed with the DD phase starting in September 2010 or whether the team should switch to developing an alternative AO plan.  If the Astro2010 report recommends mid-scale project funding at the NSF or a lead gift is identified we could ask the Board for permission to proceed with the DD phase.  In the mid-scale project funding scenario we would need to seek DD funds through TSIP in the September/October call for proposals in order to keep the project moving while mid-scale project funding was sought.  

In the event of insufficient financial confidence we would at least temporarily switch to developing an alternative AO plan.  This decision would be revisited at the end of CY10 in the event that the financial prospects for NGAO have changed.  Ultimately we would either pursue the NGAO DD or the AO backup plan.

The goal of the backup approach is twofold.  The near-term goal is to keep the NGAO team together through the end of CY10 to provide more time for seeking a lead gift.  This is only partially accomplished in the WMKO FY11 budget.  The NGAO development team at WMKO would stay fully employed in FY11 with the funded AO activities (the backup plan, completing the Keck I LGS implementation and developing the Keck II center launch telescope) and two proposed, but as yet unfunded proposals (ATI Keck I near-IR tip-tilt sensor and MRI new Keck II laser; we should know about the ATI proposal by June and the MRI proposal by September 2010).  The COO and UCO NGAO participants would need to rely on projects at their Observatories (the ATI near-IR tip-tilt sensor proposal would also employ COO personnel).
The second goal of the backup approach is to develop a plan that would ensure Keck AO scientific competitiveness in the mid-term, in the event that we need to abandon the scientific leadership offered by NGAO.  This plan would be developed over a 4 month period in close collaboration with the Keck science community.  The rough scale of the backup plan, as defined in the WMKO 5-year budget plan would be $15M over 5 years.
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Figure 11: Decision tree to proceed (or not) to DD

3.2 DD Phase Management

The Detailed Design (DD) Phase management structure was shown in Figure 1.

Leadership responsibilities for specific parts of the detailed design are indicated in the MS Project Plan in section 3.6. 
3.3 DD Phase Overview and Deliverables

The DD phase is the third and final design phase for WMKO development projects.  This phase follows the preliminary design and precedes the full scale development phase.  

In the Observatory’s development program, the detailed design phase has two primary objectives.  The first objective is to complete the design, fabrication and assembly documentation for the system and all components, hardware or software, and show that the final design complies with all specifications and applicable standards.  The second objective is to present the project plan to completion, including a schedule and budget. 
3.4 DD Phase Work Breakdown Structure

The WBS structure for the DD is identical to this WBS numbering in Figure 4 except that each WBS element number is preceded by “1.4” and there is no WBS 1.4.1.  For example, WBS 1.4.2 is the Detailed Design Phase Management and WBS 1.4.4.1 is the detailed design of the AO enclosure.  This approach to the design phase WBS numbering was chosen to allow a separate budget and plan for the design phases.  

3.5 DD Phase Planning Assumptions

The following assumptions were used in producing the detailed design phase plan:

· The collaboration between WMKO, COO and UCO will continue in the DD phase.

· The DD phase will start on October 1, 2010 in order to allow time to receive approval to proceed to this phase (note that approval requires the identification of funding).

· The availability of funding will force the DD phase to take 24 months.

· The NGAO launch telescope MRI proposal was funded.  This development effort is not included in the DD phase plan, but it is linked with milestones.  

· The MRI laser proposal will be funded.  A replan will be needed, taking elements of the plan from this proposal, if this proposal is not funded.  This development effort is not included in the DD phase plan, but it is linked with milestones.
· We can hire two new full-time NGAO positions at WMKO with start dates of January, 2011.  

3.6 DD Phase Schedule

The level three version of the DD schedule (ignoring the initial “1.4”) is shown in Figure 10 through Figure 17.  The complete DD schedule can be found in section 11.  The schedule includes WBS numbers, task names, number of work hours, start and end dates, dependencies, assigned personnel, actual labor rates, travel and procurements.  The schedule at another level down is shown in Figure 13.  This level of the WBS is the level at which the costs in Table 19 were taken.
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Figure 12: Top level view of the detailed design phase schedule
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Figure 13: Detailed design phase schedule at the cost sheet level

The approach to developing this schedule was to: 1) develop the WBS and product structure, 2) incorporate this structure into an MS project plan, 3) apply the work hours from the cost estimation work sheets, 4) apply resources to the MS project plan, 5) iterate to produce a realistic schedule and 6) iterate to produce a realistic budget.  Some non-DD phase tasks are included with zero hours in order to maintain WBS numbering for future phases.

We will track performance versus this baseline schedule.  We will also update this schedule, with the original baseline maintained, as needed during the DD phase to ensure we achieve the DD goals within schedule and budget.  Two replanning activities are included in the plan to address new information about the design or such issues as changing personnel availability or external constraints.  

3.7 DD Phase Milestones

We did not find the major milestones identified as part of the SD SEMP to be particularly useful for driving the PD phase schedule (perhaps because we had to replan multiple times during the PD).  What we did find to be very successful was to setup a series of mini-design reviews as described in section 7.6.  
A list of the mini-design reviews we intend to hold during the DD phase is given in Table 20. Each of these reviews corresponds to a major design WBS element.  The dates are the dates from the current MS project plan, but these will need to be verified to determine their viability.  
[image: image22.emf]Mini Design Review Lead Date

AO enclosures MP 9/30/11

AO bench DG 4/30/11

LGS WFS VV 12/15/11

NGS WFS VV 5/30/11

LOWFS KW 7/23/12

Alignment & calibration CN,TS 3/30/11

Real-time Control DG 3/13/12

AO lab I&T PW 11/4/11

LGS Facility JC 2/29/12

LGSF lab  JC 6/7/11

Control System HW EW 7/13/12

Control System SW KT 7/13/12

Science Operations Tools JL 7/2/12

Telescope & Summit Eng. JC 7/4/12

Telescope I&T JC 6/21/12

DAVINCI PD completion SA 1/15/11

DAVINCI design SA 6/30/12

Performance RD 7/16/12


Table 20: DD phase mini-design reviews
Unfortunately the mini-design reviews do not provide many useful milestones for earlier stages of the DD.  For these earlier parts of the DD we will instead be careful to continue to track progress versus budget.  
In addition to the mini-design review we also have key milestones associated with the MRI funded activities listed in Table 21.  

	Launch Telescope Milestone
	Date

	  PDR
	7/21/10

	  DDR
	10/29/10

	  Delivery
	1/7/11

	  Commissioning complete
	9/7/11

	Laser Milestone
	

	  Kick-off meeting & delta review
	6/10/10

	  DDR
	6/10/11

	  Pre-Production unit complete
	12/30/11

	  Laser unit 1 factory readiness
	6/29/12


Table 21: MRI funded related activity milestones

3.8 DD Phase Risk Mitigation

A risk assessment was performed in KAON 720.  The technical risk matrix from this KAON is shown in Figure 19.  
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Figure 22: Technical risk matrix

The DD activities that directly respond to the moderate (yellow) technical risk items include the following (there are no high technical risks):

· Item 1. Inadequate PSF calibration to support precision astrometry, photometry and companion sensitivity science.  A PSF reconstruction activity has been included in the plan.  This plan has a total of 2185 hours, including 1665 hours of a PSF reconstruction expert, Laurent Jolissaint as a contractor.  We have an existing collaboration through the end of CY10 with Gemini Observatory and the University of Groningen to demonstrate PSF reconstruction for the on-axis NGS case on the Gemini and Keck AO systems.  The DD plan includes defining the appropriate PSF metrics for the key science cases, and developing and demonstrating on-sky with the Keck AO system the algorithms for the off-axis NGS, on-axis LGS and off-axis LGS cases, as well as the full NGAO algorithm.
· Item 5.  Inadequate tomographic reconstruction accuracy to support the wavefront error budget and hence specific science cases.  No budgeted activity other than the monitoring activities listed in the risk evaluation KAON.
· Item 6. Astrometry performance requirement not achieved.  260 hours have been assigned to the development of a full astrometry error budget during the DD.  This effort will be led by Julien Woillez who has developed similar astrometry error budgets for the Keck Interferometer ASTRA upgrade.  This work will be done in collaboration with the UCLA Galactic Center group.

· Item 26. Scattering from hybrid image slice reformatting optics exceeds acceptable limit.  The most direct approach would be to procure a test optic, but this is not currently budgeted.
· Item 3. Required lasers unavailable. This is addressed by our MRI laser proposal and by our associated collaborations with ESO and TMT.  

· Item 9.  Complexity and instability of interactions in the overall software control system.  This risk will be worked as part of the detailed design of the control system.

· Item 10. Adequate wavefront sensor CCDs not available.  We have put financial resources into risk mitigation to address this issue.  The budgeted approach is to prototype a CCID-74 camera.  However, we will review this approach carefully versus other options before proceeding.

· Item 25. H4RG chip not available for DAVINCI.  No budgeted action to be taken other than to develop a backup plan if needed.

· Item 4. Wavefront error budget not achieved due to inadequate assumptions and calculations.  This is addressed in multiple ways in the plan.  There are 700 hours assigned under systems engineering to the further development of the wavefront error budget and tool including component budgets.  Under risk mitigation we have budgeted the effort and dollars needed to implement the proposed parametric oscillator approach for tip-tilt vibration mitigation on the existing Keck AO system to determine that it will satisfy our assumed vibration reduction. 

· Item 11. Photometry performance requirement not achieved.   260 hours budgeted to further develop this error budget.
3.9 DD Phase Personnel and Core Team

Table 20 was used as a modified output of the MS Project Plan to help balance individuals and the hours per fiscal year.  This table lists the names of all of the DD phase personnel.  The work hours do not include any contingency time.  Some cases of over assigning work to an individual are in italics.  These will be addressed by a combination of transferring work to others and/or moving work into another FY.   

Table 22. DD phase personnel assignments versus Fiscal Year (FY).

Table lists the 18 core team members and their roles during the DD phase.  These include all individuals assigned to the plan at a level ≥ __%.  These core team members bring a great deal of relevant experience to the project.  Overall they represent __% of the DD phase labor.  We consider __ and Neyman to be full-time on this project.  
Table 23. Core DD phase team members.

3.10 DD Phase Budget and Contingency

The cost risks for the DD phase were tabulated in the DD phase cost worksheets.  Overall we have identified 22% contingency for the DD phase.  The estimated work is scheduled toward the beginning of the DD phase leaving contingency dollars at the end of the phase to cover work slippage.  Problems will be handled as they arise but we will have funded schedule contingency at the end of the phase to ensure that the work is completed.  We will also make sure that key personnel have some available time in the last few months of the project to be able to use these contingency dollars.  To the extent that we can leave the contingency untouched we can also pull in the Detailed Design Review date.

As can be seen from Table 22 all of the contingency dollars are in FY11 and FY12 and as can be seen from the FY10 column of Table 20 we also have people available to use these contingency dollars on in FY10.  To the extent that contingency is not needed we may therefore be able to complete the Detailed Design ahead of the current schedule.  To the extent that contingency is required we have the people to perform the work.  
3.11 DD Phase Management 

NGAO management will be responsible for maintaining the DD phase budget and schedule for the DD phase.  

Cost accounting and other financial and administrative matters will be done by WMKO.  WMKO will be issuing contracts to CIT and UC to fund personnel at these institutions to participate in the DD phase, as was done for the SD and PD phases.  COO and UCO will provide monthly financial reports to WMKO by the 20th of the following month.  The PD phase actual expenditures will be tracked at the 1.3.X level of the WBS (i.e., 1.3.2 Management through 1.3.9 Operations Transition).
A monthly written project report will be provided to the Observatory Directors as was done during the PD phase.  This input will also be used to give quarterly updates at the WMKO SSC meetings.  

The team will have monthly teleconferences throughout the DD phase.  Face-to-face meetings will be held on an as-needed basis.  The NGAO senior management will alternate between weekly and bi-weekly telecons depending on the issues that need to be addressed.  

Email will be used as a primary means of intra-project communications.  Working documents will continue to be posted on the NGAO Twiki site:

http://www.oir.caltech.edu/twiki_oir/pub/Keck/NGAO/WebHome, 
which proved to be a very productive shared work environment during the SD and PD phases.   Documents will continue to be archived as Keck Adaptive Optics Notes on the KeckShare site at: 
http://keckshare.keck.hawaii.edu/dsweb/View/Collection-218.   

A Detailed Design Review (DDR) will be held as the culmination of this design phase.  This review will be conducted in accordance with WMKO standards.  To the extent practical we are expecting the same reviewers as for the Preliminary Design Review. 

4 Full Scale Development and Delivery and Commissioning Phase Management

5 Phased Implementation and Descope Options
6 System Design Phase Summary

A summary of the system design phase performance versus plan (KAON 414) can be found in the preliminary design phase SEMP (KAON 574).  The original schedule had the System Design Review on March 31, 2008.  This review was held three weeks later on April 21, 2008.  The system design phase plan had a total budget of $1170k (FY07 dollars) and was completed for $1234k (actual dollars); $739k in FY07 and $495k in FY08.   
7 Preliminary Design Phase Summary
7.1 PD Phase Plan

The preliminary design phase SEMP, presented at the March, 2008 SDR, was documented in KAON 574.  The PD phase cost estimate was $3479k in FY08 dollars, including $458k of contingency.  The PDR date was February, 2010.  This plan did not include any NGAO science instruments which were intended to be addressed separately.
7.2 Build-to-Cost

In August, 2008 the Directors requested the NGAO team to produce a new plan for a $60M NGAO cost cap (in then year $ from the start of the SDR to completion).  Science instruments were to be included in this cost cap and were also added to the NGAO preliminary design task.  A build-to-cost review was successfully completed in March, 2009.  The revised PD phase cost estimate in FY08$ was $3284k including $441k of contingency.  This did not include the cost to produce the instrument PDR (at that point we were still assuming separate instrument funding).

7.3 PD Funding

The original funding plan was to use $2047k of TSIP funding with the remainder of the PD budget coming from the Observatory.  Due to financially difficult times a decision was made by the Directors to seek additional TSIP funding to complete the PD with a cap of $1228k.  The September 2009 proposal to TSIP was successful.  The result was that the total NGAO PD budget was reduced slightly (versus the build-to-cost budget) to $3275k.  Unfortunately, the NGAO instrument ATI proposal was unsuccessful, so the TSIP funding was also needed to cover the instrument design work.   
7.4 PD Budget Actuals
The PD phase actuals by WBS through April 2010 are shown in Table 23.  The $197k of non-labor and $36k of travel can be compared to the SDR plan estimates of $216k and $214k, respectively (from Table 18 of KAON 574).  The travel will be significantly underspent, but the non-labor $ should be fairly close (due to open subcontracts) by the time of the PDR.       

[image: image24.emf]Hours % Labor Non-Labor Travel Total

1.3.2 Management 4933 15% 416 54 28 497

1.3.3 Systems Engineering 12486 39% 751 10 761

1.3.4 AO System 8718 27% 639 90 729

1.3.5 LGS Facility 2279 7% 165 44 8 217

1.3.6 Control System 1843 6% 103 103

1.3.7 Science Operations Tools 230 1% 15 15

1.3.8 Telescope & Summit Eng. 52 0% 3 3

1.3.9 Telescope I&T 0 0% 0 0

1.3.10 Operations Transition 72 0% 5 5

1.3.11 DAVINCI 1788 6% 137 137

32400 100% 2235 197 36 2468 Total = 

Labor Actuals

Name WBS

PD Actuals thru Apr/10 ($k, then-year)


Table 24.  PD Actuals through April 2010.

A comparison with the labor hour estimate from the SDR SEMP (Table 14 in KAON 574) and with the Build-to-Cost estimate is shown in Table 24.  We are currently running at ~1900 hours per month so by the time of the PDR the actuals will be very close to the original plan.  
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Table 25.  PD actuals through April 2010 versus SDR and B2C plans.

There are significant discrepancies between the plan and the actuals in management and systems engineering.  Part of this is due to the fact that research hours had originally been book-kept under management but ended up being charged to systems engineering (~2000 hours for McGrath).  The Management hours are expected to increase significantly in May as the team focuses on the scheduled costing, planning and PDR activities in May and June.  
Systems engineering also grew by ~1200 hours for requirements, partially as a result of the build-to-cost, but primarily due to the fact that the requirements needed significantly more work than we realized at the SDR.  The additional systems engineering growth can primarily be assigned to the unplanned build-to-cost effort.  

We were unsuccessful in applying significant resources toward WBS 1.3.7 to 1.3.9 during the PD phase, which will force much of this work into the DD phase.  
The work on the NGAO science instruments was assumed to be covered outside the NGAO project at the time of the SDR.  The instrument became part of the NGAO project with the build-to-cost guidance.  Our ambitious plan, in the build-to-cost estimate, to get the instrument to a full PDR level by the time of the NGAO PDR was not accomplished due to a slow ramp-up of personnel.  
7.5 PD Schedule Actuals

The SEMP presented at the SDR had a February 2010 PDR (Table 2 in KAON 574).  Our June 2010 actual PDR date represents a 4 month slip on an originally 22 month plan (18% schedule slip).  
7.6 PD Mini-Reviews

Toward the end of the PD phase we began scheduling a series of mini design reviews.  These reviews were intended to wrap up the subsystem designs.  Generally, three reviewers were assigned to each review.  NGAO members not directly involved in the subsystem were frequently used as reviewers, although non-NGAO personnel were also used where sufficient expertise was not available within the NGAO team.  The approach was to distribute the design KAON sufficiently in advance of the meeting in order for the reviewers to read the document and provide comments.  Many of the comments were then addressed prior to the review and major points were discussed at the 3 to 4 hour review.  The review committee provided a written report, the design team produced their own list of action items to address and the systems engineering team kept track of requirements and system level issues to be addressed.  The goal for each subsystem was to use the mini-review input to ensure that that subsystem was at a PDR level prior to the actual PDR.  The mini-design reviews that were held during the PD phase are listed in Table 26.  The name of the review, the initials of the subsystem lead, the date of the review, the names of the reviewers (with the chair’s name in bold) and the KAON number for the reviewer’s report are provided in this table.
[image: image26.emf]Mini Design Review Lead Date Reviewers Reviewer Report

Software architecture EJ 8/24/09

Conrad, Dekany, Gavel, Tsubota

KAON 688

LGS launch facility optics/mechanics JC 10/30/09

Kupke, Martin, Velur

KAON 689

AO bench optics/mechanics DG 11/17/09

Dekany, Delacroix, Stalcup 

KAON 694

LGS WFS  VV 12/7/09

Gavel, Lockwood, Stalcup

KAON 699

RTC architecture DG 12/10/09

Boyer, Troung, Johansson

KAON 697

Control electronics architecture EW 1/26/10

Dekany, Krasuski, Stalcup

KAON 711

Motion control architecture EW 3/11/10

Krasuski, Delacroix, Gavel

KAON 731

NGS WFS VV 4/1/10

Lockwood, Neyman, Stalcup

KAON 738

LOWFS KW 4/2/10

Adkins, Gavel, Kupke, Loop

KAON 734

Control system software KT 4/16/10

Conrad, Dekany, Gavel, Cromer

KAON 733

DAVINCI optical design SA 4/19/10

Bauman, Gavel, Larkin, Lyke

KAON 743

Alignment & calibration CN,TS 4/20/10

Gavel, Lyke

KAON 746

Performance budget RD 5/13/10

Gavel, Max, Neyman


Table 26: PD phase mini-design reviews
7.7 PD Staffing

We encountered significant challenges in ramping personnel up for the PD phase.  The slow ramp up is illustrated in Figure 18.  
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Figure 23.  Actual labor $ per month by month during the PD phase.
The reasons for the slow ramp in the first 9 months of the PD phase were discussed in Project Report 9 (KAON 637): “The following items provide much of the explanation as to why we are so far behind versus the SDR schedule:

· There have been several significant unplanned tasks that were added at or after the SDR.  These have especially impacted management time and attention.  The result has been that some tasks had to be delayed because of design uncertainties, some tasks had to be delayed because people were assigned to new tasks and some tasks did not start because management did not have the time to get them started.  These unplanned tasks have included:

· The build-to-cost direction received in August 2008 has had the biggest impact.  

· Time has been spent on identifying and evaluating design options.  Prior to receiving this guidance we had been evaluating phased implementation options per the SDR recommendation (a task that was included in the plan presented at SDR).  

· The development of science instrument preliminary designs and costs was a new task for NGAO management.

· Uncertainties about the science direction have made it more challenging to make some of the build-to-cost decisions.  The NGAO Science Advisory Team has not been established in time to support the build-to-cost exercise.  The Keck Strategic Planning Meeting held in September 2008 and documented subsequent to the November 2008 SSC meeting has provided some guidance but in some cases the intent of the strategic plan has not been entirely clear and we have had to add our own interpretation.

· The NFIRAOS cost comparison, which was successfully completed.

· The ATI and MRI proposals.  Both were successfully submitted.

· The opportunity for joint preliminary designs and risk reduction activities on lasers has also been an originally unplanned task, however it has actual largely allowed us to stay on schedule at lower cost.  We have leveraged our interests to include a 500 kEuro investment by ESO in preliminary designs and $300k of funds from AURA to be used for risk reduction.

· The availability of personnel has been an issue at all three of our organizations.

· Immediately after the SDR two key personnel (Britton and Zolkower) became unavailable at Caltech. One was replaced in January and the other position was not refilled. Dekany has also been less available than planned.

· The departure of Le Mignant from WMKO has impacted the science operations requirements and tool design.  Similarly Flicker’s departure has had a significant impact on our parallel PSF reconstruction risk reduction demonstrations.  There were also delays in ramping up Johansson and other members of the controls team from other projects (this is complete).

· At UCO our Project Scientist has been less available than planned.  The delayed availability of a real-time programmer has been mainly offset by more of Reinig’s time.”

8 Appendix: NGAO Detailed Design Cost Estimate Summary (in FY08 $K)
9 Appendix: NGAO Full Scale Development Cost Estimate Summary (in FY08 $K)
10 Appendix: NGAO Delivery and Commissioning Cost Estimate Summary (in FY08 $K)

11 Appendix: Full NGAO Detailed Design Phase Schedule
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2 (1443522 T Wit costing specication 525564 s Velurtsot]

0 (1443523 T mier mount cetate design 91,1320 T8 Velut20%]Detacron{s0%]

4 (1443524 T Wit Shop Dravings a0 ams Fpetacran

s (1443525 T Catle Routing Design s42984 ams Fucik

B | 144353 Post pick-off Focusing Lens 31383 s

W7 (1443534 Focusing ens detae design as6515 ais Detacronda0il Velurl20%]

8 (1443532 Focusingens specifition a0 ams Detacroix

8 (1443533 Focusing lens costing 528564 s Feturtsoss

30 (1443554 Focusing ens mourt dtaied design 91,1320 T8 § Velurf20%1Detacroifattsl

3 (1443535 Focusingens Shop rawings a0 ams | Deacroix

32| 144354 Patrolling LGSWFS Camera w2na2508 vzms —

3 [1a415a1 Patrolling LGSWS Camera Base 423553 s -

4 (4435411 Paroling LOSWFS Camera base Detaed Design 262573 s et Velulzrd

3 (1435412 Paroling LOSWFS Camera Base Shop Drawings 91,4080 2ws Deacroix

6 (1441542 Patrolling LGSWFS Steering Mirror 299146 s

W7 (4435421 Paroling LOSWFS Steetng Wiror deied design 528564 s elur

38 (1435422 Paroling LOSWFS Steetng Mirr specication 525564 s Velurtsot]

3 (1435423 Paroling LOSWFS Steetng Miar Costing specication 525564 s etur

00 (4435424 Paroling LOSWFS Steetng Miror deaied design 9143078 T8 pennt20npetacrongavra

01 |e435425 Paroling LOSWFS Steetng Miror shop cravings a0 ams Deacroix

02 (1435428 Paroling LOSWFS Steeting Mior Catle Routing Design s42984 ams Fuci

0 (1443543 Patrolling LGSWFS Field Stop swas0 2

04 (4435431 Paroling LOSWS Fek sop detaet design a0 ois Deacroix

05 (1435432 Paroling LOSWS ek sop shap drawings 5281 s Detacroix

W06 [1a435A4 Patrolling LGSWFS Collmator 42084 2ws

07 (4435441 Paroling LGSWS colinator dtaied design 528564 s etur

08 (1435442 Paroling LOSWFS Callimator specifiation 525564 s {penntsona

08 (41435443 Paroling LOSWFS Callimator Coating specifiation 525564 s Velur

0 (1435444 Paroling LOSWFS Calliator ourt detaed design 9281 s {petcrantsoa

1 [e435445 Patroling LOSWFS colimetar maurt shap drawings 5281 s Detacroix

2 (1443545 Patrolling LGSWFS Lensiet 42084 2ws

W13 (4435451 Paroling LOSWS Lensiet deaied design 528564 s etur

W14 (1435452 Patroling LOSWFS Lensiet specicatin 525564 s elutsot]

W15 (1435453 Paroling LOSWFS Lensiet Costing specication 525564 s elur

W16 (1435454 Paroling LOSWFS Lensiet Mot cetalet design 9281 s {pemerantsoa

7 1435455 Patroling LOSWS Lensiet maurt shap drawings 5281 s Deacroix

B (1443540 Patrolling LGSWFS Relay Lens 1 42084 2ws

418 (4435461 Paroling LOSWS Relay Lens 1 detaed design 528564 s etur

a2 (1435462 Patroling LOSWS Relay Lens 1 specication 525564 s Velurtso%]

@1 (1435463 Paroling LOSWFS Relay Lens 1 Costing specicatin 525564 s etur

w22 (1435464 Patroling LOSWFS Relay Lens 1 Mourt cetaect design 9281 s {petcrantsoa

W (4435455 Petroling LGSWFS Relay Lens 1 maunt shop drawings. 201 36 s Poetacroix
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20 [1AA35AT Patrolling LGSWFS Relay Lens 2 2051 s

25 (4435471 Patroling LGSWFS Relay Len 2 detaled design 528554 s Votur

a5 (4435472 Patraling LGSWS Relay Lens 2 specifcaion 528654 s Voturlseri]

a7 (4435473 Patraling LGSWFS Rely Lens 2 Coatig spesication 528654 s Volur

25 (4435470 Petroling LGSWFS Relay Lens 2 our detae design 5281 96 s eheroiser

9 (4435475 Patraling LGSWFS Relay Lens 2 maunt shop crawings 5281 96 s ["Delacroix

0 (1443548 Patrolling LGSWFS Detector $2983.00 aans fad)

W [A435A8 Patrolling LGSWFS Detector Support Stucture 231,60 s2hs v

a2 (4354811 Patroling LOSFS Detector Support Structure Defaled Design | $1,127.84 t8hrs Delacraix

a5 (4354812 Patroling LGSWFS Detector Support Siructure Shop Drawings 956392 ahs petacroie

(4354813 Patroling LGSWFS Detector Support Siructure Catle Rouing 43984 ahs [‘Fucik

5 (1435482 Patrolling LGSWFS Detector Cooling $5100 2hrs v

5 (4354821 Patroling LGSIFS Deector Gooing design 956760 ahs veluz0gpetacroiae

a7 (4354822 Patraling LGSWFS Detectar Caolng mecharical terface 52830 s ["Velur[20%1Detacroixtat*s]

4B (1443549 Patrolling LGSWFS Alignment Fixturing 5,085.80 T2hes e

9 (4435431 Patraling LGSWFS Algnment Fixuring detaled design 526012 s Delcron(sod Veluawl

a0 (4435492 Patraling LGSWFS Algnment Fixuring shap drawings 5225558 EL T Delacraix

i | 14438 LGSFS MiicReview 9573450 aoes 8 Dekanyl25,Velur[25%Dela

w2 | 4 HGSWES Assembly 299 A5Tales

W5 | asad HGSWS Management $17.855.00

a4 | 144411 NGSWFS Hanagenert 9428050 s ) Veluls%]

w5 | 144412 NGSIFS Team Mestings 91073280 T20ms [ Dekany[25"i] Delacroix[25%

5 | 144413 Liise wih RTC, Superviary Contral and Detector teamy vendors o nake sul 52,3800 anhes Velurlte

w7 | tasa2 HGSWES Subsystem Engineering 95502843 wobes p—

5 | 144421 FEA anaysis 9567600 aoes Velur[30%]Delacroix[70%4]

a9 | 144422 pica design analysis and tolrancing 9571280 aoes Velur

0 | 144423 External mesherica terfaces. 422940 eohes Detacroix(25%]

1| 144420 Externalcectrical rtrfaces 256,40 anhes Volur

2 | 144425 Subsystem ET pln 5389750 eohes Velur[35%]Defacroix[33% ] Fucik{33%]

5 | 144426 Subsystemtest plan 389750 eohes Velur[33%4]Delacroix[33* L Fucik{33%]

50 | 144427 Design Report 9525013 aoes Velur[35%]Defacroix[33% | Fucik{33%]

55 | 144428 Complance Hstrix #1,42620 s velur

5| Akl HGSWFS Field Steering Mirror Assembly $adeat2 26hes Lad

7| t4a4sd FSI Assembly 451500 s

5 (14443110 FSH Mircor 4256 16hrs

59 (4043411 Sl Minor specificaion 957128 ahs Velur

a0 (4443112 S Mirror costing specifcaion 957128 ahs [Pvetur

1 (1444512 FSIH Mount $3612.84 2hs

82 (4043121 S Mour Detald Design 9112780 t8hrs Delacroix(25%]

85 (4443122 FSMi Shop Drawings 91,0950 s Detacroix(25%]

80 (44043123 S Encoder Design 956760 ahs elur[20%] Delacroix[30*s]

85 (4443124 FSH Cable Routing Design 956750 ahs [ Velurt20%}Detacroinis0%]

86 | 144452 FS2 Assembly STz Asehs

7 (1444324 FSM2 Mircor 214632 s2hs -

86 (4045211 P2 Minor specificaion 528654 s Velur[suri]

9 (4443212 P2 Mirror costing specificaion 528654 s Velurlsuri]

a7 (4443213 P2 Encoder Design 9113520 Thes Feluntzraoeicrose

a7t (4443214 FSH2 Cable Routing Design 43984 ahs ["Fucik

a7z [1a4as22 FS2 Mount s285420 s -

73 [4445221 P2 bour Detald Design 9113520 T8hes Velur[20%]Delacroix[30*s]

a7t (4443222 FSM2 Shop Drawings 91,4190 s ?wmr:zw.|.n¢|w,.mo~.|

75| tadas HGSWFS Camera Assembly $252484 G0abes p—

75 | t4dsi HGSWES Structure $sssT2 20hes p—

a7 (1444411 NOSWFS Structure deaied design 9704900 100hs Delacroix(25%]

75 (1444412 NGSWFS Structure shop crawings 422940 eohrs Detacroix(25%]

79 [144a413 HGSWES Focus Stage 410532 s -

80 (4044131 NGSWFS Focus Stage Delaied Design 5225558 a2hs Detacroix(25%]

a1 (4444152 NGSWES Fosus Stage Shop Drawings 91,4095 s Delacroix(25%]

2 (4444133 NGS WS Focus Stage Cable Routing 43984 ahs ruci

CRR HGSWES Field Stop $2255.68 s2hs w

80 (1040421 NGSFS Fied Stop detae design 9169175 20rs pehcronisod

485 (1444422 NGSFS Fied Sop shop drawins 956392 ahs Vetacroit0%]

5 | 144443 HGSWES Collimating lens 198476 s

a7 (14044431 NGSFS Colimaing Lens specication 957128 ahs Velur[107i]

a6 (1444452 NGSFS Colimating Lens costing specificaion 528654 s Vetur[107i]

89 (1444433 NGSIFS Colimating Lens maurt cetaied design 956952 ahs Detacroix(25%]

a0 (1444450 NGSWFS Colimatng Lens maurt shop cravings 956992 ahs Vetacroit0%]

R HGSWES Lenslet Assembly sz dwons

52 (14044441 NGSIFS 63:63 Lensiet specifcaion 171380 s Belntind

5 (1444442 NOSIFS 63463 Lenstetcosting specification 528554 s Velur[107i]

80 (1444443 NOSIFS 55 Lenslet specification 957128 ahs belurho'.l

85 (1440440 NGSIFS 55 Lenslet costing spesication 528654 s Vetur[107i]

5 (14044445 NGSIFS Lensiets mount detaled design 912780 Thes Detacroix{0%]

7 (1444445 NGSIFS Lensiets mourt shap drawings 956392 ahs Detacroix{0%4]

5 [14a4AT HGSWES Exchanger Assembly $2.482.96 s

89 (4044471 NGSIFS Lensiet Exchanger Lint Swich Detalid Design 9112780 T8hes Detacroix(25%]

B0 (4444472 NGSIFS Lensiet Exchanger X Stage Detaled Design 956760 ahs vetuiz0vtetacroiaer

1 (4444473 NGSIFS Lensiet Exchanger ¥ Stage Detaled Design 956750 ahs Velur[20%] Detacroix[30%s]

502 [s444474 NGSWWFS Lenslet Exchanger Cable Routing 521992 ahs [Fucikisos]
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05 | TAadas TGSWFS Relay Lens 1 25050 Woiws
S04 (1444451 NGSWFS Relay Lens 1 specifiation 957128 Bis v
505 (1444452 NGSIFS Relay Lens 1 costing specication 52564 s Veut10%]
56 (1444453 NGSIFS Relay Lens 1 mount dtaied design 91,1276 T8 Detacronl40%1
07 (1444454 NGSIFS Relay Lens 1 mount shop orawings a0 ams Poetacronta0]
S | 144440 UGSWFS Relay Lens 2 254850 Wiws
08 (1444461 NGSWFS Relay Lens 2 specifiation 957128 Bis Veurt10%]
S0 (1444462 NGSWFS Relay Lens 2 costing specication 52564 s Vet
Si1 (1444463 NGSIFS Relay Lens 2 mount dtaied design 91,1276 T8 Detacronl40%1
Sz (1444464 NGSIFS Relay Lens 2 mount shop crawings a0 ams Foelacraixto]
513 | 14adar HGSWFS Detector 4298300 s
S0 [Ladaart HGSWES Detector Support Structure 243160 2w
S5 (4444711 NGSWFS Detectar Support Sructre Detaed Design 91,1276 T8 Delacron(25%]
Si6 [s444712 NGSWFS Detectar Suppot Sructre Shop Dravings a0 ams Fpetacroizs)
Si7 |s444713 NGSIFS Detectar Support Sructre Cable Routing 43984 ams ["Fucidso]
EiE [Ladadrz HGSWFS Detector Cooling $5100 2
519 4444721 NGSWFS Detector Cooling design $567 60 Bhrs w’#lllflm"l | Delacroix|30%]
520 [4444722 NGSWFS Detector Cooling mechanical intertace $283.80 dhrs | Velur[20%].Delacr oix[80%]
21| 14adas HGSWES Detector and Postienslet Relay Focus Stage 384175 St
522 (1444481 NGSWFS Detectar s Postiensit Relay Prosimity Sensor Detaed Desiy  $1,136.20 T8 Velunl20%]Delacron{a0]
S (1444483 NGSIFS Deector and Postensit Relay Focus Stage Shop Drawings a0 ais welacmlxps'.]
55 (1444484 NGSFS Detectr and Postiensiet Relay Focus Sage Cable Rouing s42984 ams Prucik
25 | 144449 HGSWFS Alignment Fixturing 0410 S
27 (1444481 NGSWFS Alrmert Fituring detae design 5225558 a2ws Detacron{40%1
s | 1adas NGSIFS ini-Revew 9338730 s ¥ velur Detcany.Detacroix Fucik
530 1445 LOWFS Assembly $2137377 43638 hrs A ————
S| taast LOWFS Management 09175 eoms ———————————————————
sz | 144501 Susystem Mansger 94499775 Sises ] Dekan
s | 14412 LOWFS Team eelngs 528 0.0 3Bates [E————— T
S| tads2 LOWES Subsystems Engineering 624600 s60ms —
535 | 144521 Optical design tolerancing 34,400.00 a0hrs [ Wallace[25%]
S5 | 144522 External mechanica rerfaces 52000000 200s R Bartos{10%]
537 | 144523 External slectrical nterfaces 13,0000 160hrs {2 [Rahmer
538 | 144524 ‘Thermal engineering of cryostats $12,000.00 120hrs, Bartos[5%]
S | 144525 Subsystem 4T pen 91320000 T20s Wallace} 0]
i | 144528 Susystem test plan 91260600 T20s 1
| 144527 Dasign et Soon00  foows sy W)
Sz | tadss Support Structure 520000 ds2mws
i3 | 144531 LONFS support sructre detaled mecharical design 98,0000 aoms frtost20r
St | 144532 LOAFS support sructre FEA modeling 320000 a2ws Bartosi20ti]
sis | 144533 LOWFS support sructre shap drawings 94,0000 s Bartosiz0til
546 14454 Pickoff Arm Assemblies $55,600.00 548.8 s P——
Si7 | 144541 Pickoff Arm Mechanisms 520000 s2iws
548 |14.45411 Crack and Level Motor Analysis $3,200.00 32hrs artos[40%]
543 [1445412 Precision Motor Encoder Design $8,000.00 B0hrs Bartos[40%]
550 [1445413 Precision Motor Encoder Shop Drawings $4,000.00 40hrs Bartos[40%]
S| 144542 Cantelever Atm Assembly $2000  2sms
2 (1445421 Cortelever Arm Assembly detale design 984000 bats artostzrra
5 (1445422 Cartelever Arm Assembly shap drawings 984000 Bats Veartostz0%1
S50 | 144543 Periscope Support Structure. 120000 2ms
5 (1445431 Periscape Sugport Suctre detaled design 320000 a2ws Bartostntil
S (1445432 Periscape Sugport Sructre shap drawings 91,5000 16w Bartostantil
557 [1445433 Courtterweight detailed design $800.00 Bhrs Bartos[40%]
S (1445434 Counterweights shap drawings s4a000 s Bartosttil
559 [1445435 Limit switch mount detailed design $800.00 Bhrs Bartos[40%]
560 1445436 Limit swich mount shap drawings 340000 ahrs Bartos[40%]
1| 144544 Limit Switeh Track 4560000 St
2 (1445441 Limt Swich Track detaled design 94,0000 s Bartostantil
S0 | 144545 Focal Plane Pickoft Mirror 4852000 s
5 (1445451 Focal Plane Picktt Miror specicaion 98000 ais Wallace{10%]
6 (1445452 Focal lane Pickof Miror coatng specifiision $44000 s Wallace{10%]
7 (1445453 Mourt detaed design 9450000 s Bartositi)
8 (1445454 Mourt shop orawings 5240000 241w Bartostanti]
S0 | 144545 Colimating Lens 4504000 s
570 (1445451 Callmating Lens specifiation 91,760.00 6w Wallace{10%]
571 (1445462 Colimating Lens costing specicetion 98000 ams Wallace{10%]
572 (1445463 Mourt detaed design 9150000 T8 Bartostintil
573 (1445464 Mourt shop orawings s90.00 ams Veartosta0]
570 | 144547 Flat Mirrors §1.7200 Toms
75 (1445471 Fiet Miror specication 98000 Bis Wallace{10%]
75 (1445472 et Mirr costing specicietion $44000 s Wallace{10%]
577 (1445473 Mourts deaied design 94,0000 s Bartostantil
578 (1445474 Wourts shop cravings 5240000 241w Bartostatil
578 | 144548 Reimaging Lens. 4504000 s
S0 (1445481 Reinsing Lens specficaion 178000 6w Wallace{10%]
2 (1445483 Mourt detaed design 9150000 T8 foarostara
53 (1445484 Mourt shop drawings. 20000 Bhrs Bartost0%
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55| 144554 o 26 Hzbis

S5 1445514 O detaed speciication 42540 2ms -

7 (1445512 OM Mount $4300.00 whes

S5 4455121 Oh ourt detsed desin 320000 a2ms

5 4455122 Oh ourt shop drawings o1 60000 Toms

0 1445513 techica ferface defrion #1.10650 s

S 1445514 Catledataled dsign wpsze0 iz Crdnertasl

592 [1445515 Analog drive electronics and A/D converter (high order) $6,520.00 B0hrs ahmer[40%]

593 [1445516 Electrical Interface detailed design $6,520.00 B0hrs Rahmer[40%]

594 [1445517 Electrical Interface CAD drawings $2,217 60 40hrs Croner[40%]

5 | 144552 Tip-Tit Mirror 4657264 Whrs

% 1445521 T Tt Miror specfiation 944000 ahs Mallacel10%1

7 f144ss22 Tt iror ourtdetaled design 9400000 woms Bartos{104]

5 1445523 Tt iror ourt shop shavings 160000 Tohs Bartos{104]

599 [1445524 Tip-it Mirror electrical interface detailed design $11088 2hrs Croner[40%]

0 1445525 Tt ivor catle ruting desion s shs Feronertaor

| ta4se LOWES DM Relay 5096000 0abrs —

02 | 144564 LOWES DM Relay Tube 4560000 Sohes

05 1445814 LOWFS Ot ey tubs design 9400000 woms Earostana

00 1445812 LOWFS DM ey tubs shop crawinge 5160000 Tohs Teartostasl

05 | 144562 LOWES DM Relay Fiexure Mount $8,300.00 wshes

W6 1445821 Flesure desin 9450000 s Bartos{0]

w07 1445622 Flesure shop srawings 5320000 sams Bartos{40%i]

5 1445623 Preload desin 590000 ohs Poartostas)

08 | 144563 LOWES DM Relay fold mirror 240000 2ates

60 1445834 ok mior mourt design #1000 iohs st

B11 [1445632 Fold mirror mourt shop drawings $800.00 Bhrs | Bartos[40%]

62 | 144564 Air-spaced Trplet $6.12000 dahes

65 1445841 Air-spaced Triet specfiation 264000 2ms ] Wallacel10%]

B4 1445842 Ait-spaced Trlet costing specfication 568000 ohs Wallace[10%]

65 1445843 Air-spaced Trlet mourt design #1000 iohs Bartos{40%)

66 1445844 ir-spaced Trilet mourt shop shavings #1000 iohs Bartos{40]

17 | 144565 LOWFS DM Relay Alignment Fixturing $7,440.00 s laad

518 |1445651 LOWFS DM Relay Alignmertt Fixturing detailed design $5,040.00 4shrs Wallace[20%] Barts

0| tadst Dowar Assemblies w2602 Taabrs P—

G| 14451 Dewar Window 4504000 whes

622 1445714 OewariWindow speciestion 5176000 “ohs & Wallacet104]

o2 1445712 Oewar idow costing specicstion 568000 ois [ Wallcett0%1

G2 1445713 Dewar Window mourt desin #1 60000 Toms gartostzna

5 f1aasTid Oewar Window shop trawings 590000 ois Tartost20®]

5 | 144512 Kblocking fiter 1504000 whes

&7 1445721 hosking e speciication 588000 shvs Walacel10%1

629 [1445723 K-blocking fiter mourt design $1,600.00 18hrs Bartos[40%]

0 1445724 Kiosking ier murt shon crawings 480000 ohs Toartostion

EREET Dewar walls and flanges §7.20000 T2hes

2 1445731 Oewar vl detaie dsign 9450000 s Bartostas]

5 1445732 Dewar wal shop crawinge 5240000 2ms Bartostas]

| tadstd Dewar shiekds,cold plates, and cold finger 2050000 208hrs

B35 1445741 Dewar shields detailed design $16,000.00 160 hrs. [, Bartos[40%]

% 1445742 Devwar shieds shop sravings 9450000 sohs Bartost:

67 | 144575 Detector $4,400.00 Hhrs ’A}

&% 1445751 Ostectr detaiet specicton 9440000 soms Walacel5)

5 | 144516 Detector mou $8,000.00 wohrs

B40 1445761 Detector mourt detailed design $5,600.00 S6hrs Birtos[40%]

B4l [1445762 Detector mourt shop drawings $2,400.00 24hrs jartos[40%]

2 | 144511 nternal wring 4464560 whrs

& 1445774 Flex cabe specfiation 9687 04 iohs T fronerizstl

S 1445772 terna wiring desin 221750 woms Cronert2s

o5 1445773 terna wiing spectiation 568704 Tohs i ronerizsl

o6 144774 Hemetc connctor spectiation 985200 ohs i fahmerizstil

7 | 144518 External wiring 526000 Whes

o 1445784 External wiig design 1 85600 2ms Rahmer25%]

o 1445782 Extermal wiing specifcation o1 2000 iohs Rahmerl25%]

G0 | 144510 fon pump manifold 46.400.00 dahes

&1 1445791 o purtp manfo dsign 9450000 s —

G2 1445792 o purt manfol st chavings 5160000 Tohs Thartostaors

5 1448110 Temperature control $2217.50 whes

G4 | 4457101 Temperatre sensor ayout 5123056 2ms T Croner2s%1

G5 4457102 Tempersturs sensor wing design 9687 04 iohs g|Cronertzss)

5 1445111 Detector Test Electronics 4566000 dahes

B57 4457111 Detector Test Electronics box mechanical design $1,600.00 16hrs wanaslw'd

B58 | 4457112 Detector Test Electronics box shop drawings $800.00 Bhrs Bartos[40%]

B53 4457113 Detector Test Electronics electrical design $2,608.00 32hrs Rahmer[40%]

660 |4457114 Detector Test Electronics wiring specification $652.00 Bhrs | Rahmer[40%]
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1| iadss TTFA Customizat a0 22aws P—

B2 | 144581 TTFA Collmating lens $372000 Wwiws

B3 (1445811 TTF A Colinating zns specication 986000 Bis Etaceriona

B4 (1445812 TTFA Colinating ens costing specifcaion 344000 s {ancertwra

B85 [1445813 TTFA Collmating lens mourt detailed design $1,600.00 16hrs Bartos[40%]

BGE [1445814 TTFA Collmating lens mourt shop drawings $800.00 Bhrs | Bartos[40%]

7 | 144582 TIFA Lensiet 37200 s

B8 (1445821 TTFA Lensiet specifition 986000 Bis Wallace{10%]

Ga (1445822 TTFA Lensiet costing specication 344000 s {utncettora

B70 [1445823 TTFA Lenslet mount detailed design $1,600.00 16hrs Bartos[40%]

71 (1445824 TTFA Lensiet mourt shop orawings 380000 ams Veartosta0i]

72 | 144583 TIFA Cold Stop $2.400.00 24ms

75 (1445831 TTFA Co Stop detale design 9160000 16w TRrosti

G4 (1445832 TTFA Ca Stop shap drawings 380000 ams Poartostaaril

5 | 144584 TIFA Relay Lens 1 $372000 Wiws

o7 (1445841 TTFA Relay Lens 1 specifcation 986000 Bis Wallace{10%]

7 [1445842 TTFA Relay Lens 1 costing spesication 344000 s Wallace{10%]

678 [1445843 TTFA Relay Lens 1 mount detailed design $1,600.00 16hrs l%ﬁr\aslw"l

579 [1445844 TTFA Relay Lens 1 mount shop drawings 380000 Bhrs "Bartos[40%]

B0 | 144585 TTFA Relay Lens 2 37200 Wiws

B (1445851 TTFA Relay Lens 2 specifcation 986000 Bis Ftacertvra

B2 (1445852 TTFA Relay Lens 2 costing specication $44000 s {ancertwra

B83 [1445853 TTFA Relay Lens 2 mount detailed design $1,600.00 16hrs Bartos[40%]

B4 (1445854 TP Relay Lens 2 mount shap drawings s90.00 ams Poartostaaril

65 | 144585 TTFA Alignment Fituring $5600.00 S

B85 |14.45861 TTFA Alignment Fixturing detailed design $3,200.00 32hrs Bartos[40%]

| 14450 T wrs s20a0000  28amws P—)

B8 | 144501 TWFS Enclosure 160000 6hrs

B30 1445911 TWFS Enclosure detailed design $1,200.00 12hrs Bartos[40%]

691 1445912 TWFS Enclosure shap drawings 340000 4hrs ["Bartos[40%]

B2 | 144592 TWES Structure $4.400.00 aans

B33 (1445921 TWFS Sructre detale design 52,0000 241w Tpatostion)

B4 (1445822 TAFS Sructure shap drawings 580000 ais Bartosttil

B (1445823 TAFS coolng design 580000 ams Bartosttil

B (1445524 TAFS cooling mecharical nterface s4a000 s Peartostio]

BT | 144593 TWS Collimating lens $372000 s

B (1445931 TWFS Colinaing Lens specfcaion 986000 Bis Wallace107)

B (1445832 TAFS Colinaing Lens coating specifiation 344000 s {ancertwfs

00 (1445833 TWFS Gallinating ens mourt cetaied design 9160000 T8 Bartos{40"

701 1445934 TWFS Collmating lens mount shop drawings $800.00 Bhrs | Bartos[40°4]

02| 144594 TWFS Lenslet 37200 s

705 (1445941 TAFS Lensit specifiation 986000 Bis Wallace1}i]

704 [1445842 TAFS Lensit costing specication 344000 s Wallacel{0%]

705 [1445943 TWFS Lenslet mourt detailed design $1,600.00 16hrs Bartos[4p®]

706 (1445844 TAFS Lensit mount shop crawings 380000 ams Poartosttil

07| 144595 TWS Cold Stop $2.400.00 24ms

705 |1445951 TWFS Cold Stop detailed design $1,600.00 16hrs Bartos[0%]

708 [1445852 TAFS Cold Stap shon drawings s90.00 ams Veartosiural

70| 144595 TWS Relay Lens 1 $372000 Wiws

71 (1445964 TWFS Relay Lens 1 specifition 986000 Bis Wallach{10%]

72 [1445862 TWFS Relay Lens 1 costig specicatin 344000 s Walladel10%]

713 1445963 TWFS Relay Lens 1 mourt detailed design $1,600.00 16hrs Bartos[40%]

74 (1445864 TWFS Relay Lens 1 maurt shop cravings s90.00 ams Poartdstaaril

75 | 144597 TWS Relay Lens 2 $372000 Wiws

76 (1445974 TWFS RelayLens 2 specifition 98000 Bis Wallcef10%]

77 1445872 TAFS Relay Lens 2 costing specication $44000 s {afacettvra

718 [1445973 TWFS Relay Lens 2 mourt detailed design $1,600.00 16hrs Baftos[40%]

78 (1445874 TWFS Relay Lens 2 maurt shop cravings s90.00 ams Poaftostiaril

20| 144598 TWS Alignment Fixturing $5600.00 S

721 1445981 TWFS Alignmert Fixturing detailed design $3,200.00 32hrs wtos[40%]

7| 144510 LOWFS M Review 5352850 0  Bartostsors
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2 [ s Acquisition Camera 45,4000 0hes

725 | 14481 Specificaion of Camera and Eleciranics 5280000 s Cooper(25%]

6 | 14462 Optcal Design 51120000 0 Martin{50%]

| 14463 Mechanical Design 31120000 0 Pollardi2s%]

25 | 14464 Eectrica Design 3560000 aotes Cooper

728 | 14465 Gute Acpistion 5280000 anhes CoopertstMartin{50% polaralse'

70 | 14468 Complance Verifcation 9140000 s Martinf50°a] Cooper[50%]

| 14487 Test Plan 5280000 s Cooper[25%Martin[26%1

72 | 14468 Design Documertion 3560000 aotes Cooper[25°%]Martin[25%1 Pollard125%1

75 | 14468 Acapistion Camera Mini-Feview 3000 s )

R Alignment, Calibration 8 Diagnostics 0660000 1.200hs

75 | aard Alignment $47,600.00 s p—

3 | 144711 Optcal Design of Algnmert Tools and Plans 51400000 20ms Staleupl50%]

| 144712 Mechanicel Design o Tools 51400000 20ms James{s0%]

7 | 144713 Assembly, Algnmert and Test Plans 3560000 aotes Staleupl50%]

738 | 144714 Vendor Quote Acgisiion 5280000 anhes Staleupl50%]

0 | 144715 Complance Verifcation 3560000 aotes Staleup[50%] James{50°

| 144718 Dosumertation 3560000 ooms Stalcupls0°i] James5¢

Tz | taar2 Calibration Unit $39.00000 soonrs P—

5 | 144721 Oplcal Design 5700000 100hs Staleup(50%]

4| 144722 st Fed Source Risk Reduction 3560000 Bos Stalcup(251,Flt Field Source[1]

5 | 144723 Compenerts Selecion and Conplance 5700000 00 Staleup(254]

6 | 144724 Opto-Mechanical Design 31420000 20ms JamesI25" Staleupl25} Mogenson[2s*i]

7| 144725 Dosumertation 5420000 eoms Staleup(25%] James(25%]

G| 1443 Real-Time Controller 2393173 6560 hs P————————

9 | adsd RTC Control processor 5900248 5,600 hms P———————

750 | 144814 RTC Project Management $T6926.64  ot2mus P———————

T [1a4s11 Milestones and Reviews $0.00 onrs P ——————————

752 (4481411 NGAO Detaled Design Phase 3000 oms e

5 (1443112 Management Support $T6926.64 ot2mus P —————————

750 (4481421 RTC subsystem project managemert oversight 3952200 “woms i G2

755 (4481122 RTC code version corirol 327616 128 R R

75 (4481123 RTC documentaion corirol 2762640 e ) R

75| 448 Tomography Engine $331,188.48 S0anrs P——————

75 [1.4.40. TE Hardware custom boards $160,000.00 onrs P—

759 (44081211 Final design of custom TE bords $160,00000 ohs TE Board Final Design Contract(2

781 [4481221 Design and Simuiate T herd-code 11071232 26hes S S e inigI20 I RTC Programmer Cont

2 (4481222 Test TE hard-cod on protctype unt 3047616 128hrs S Reinigl1%]

785 | 144843 Control Processor (CP) $63,476.16 168 hrs p—

760 (1048431 Fina design specification of CP componerts 300000 s § Dion

75 (1448152 Design CP RIC-side hard-code 53072000 ohs [ RTC Programmer Contrac{[334]

76 (1445133 Design CP to supervisor nterface software 52975616 128hs I ReiniglS0%1RTC Prdgrammer Contract[256]

77| t4dsad Tip it System $99270.0 14381ns

786 (148141 LOWFS processor $56,316.16 w2hrs

769 (4081411 Finaldesion and specifiction of LOWFS processor hardware 52063600 T S Feinil25*bilon

70 [4481412 Final design of LOWFS processor software 52767608 s s T4 Reiniol50%1,UCS¢ Programmer

T [1adsta2 Tip it Controller $4295424 os6hus p——

772 [4481421 Final Design of T/t control sotware 53695424 B Reinigl25%LUCS(C Programmer75'4]

77| 144845 Point.And-Shoot A0 Processor $0414464 1206 Ins

75 (1448451 Fina design and specificaton of Port-and-Shoot A0 processor hardwa 333,276,168 s s L Dilon{50%]

76 [1448152 Finaldesign of Paint and Shoat AO processor saftware, 950,865.40 78BS 50%LUCSC Programmer

77| t4asas DM Command Generator $93,960.00 2ahrs,

75 (1448451 il analysis e specification f Db Command Generator hardware 9150000 s

779 [1448162 Fina design of software for DM command generetor 99216000 s [ RTq Programer Contract1152]

70 (1445163 Standt-sone testof it contrl system 5000 ohs

71| t4asal Clock and Synchronization System $48,000.00 onrs

782 (1448471 Fina design of Clock and Synchronization herdware $48,00000 ohs ign-build contract480]

785 | 144843 Telemetry Disk System $102,400.00 onrs

780 (1048481 Finaldesign of Telemery Disk System 10240000 ohs = RTC Programmer|

785 | 144549 RTC Subsystem Hardware Support $13520.00 60 hrs -

786 (1045181 Finaldesign specificaton of catinets, enclosures, cablng, coolng 1352000 T0hs 5 Lockwood

78| 1.448.110 ‘Subsystem integration and testing $184,676.16 1248 hrs. P—

786 [ 4481101 Lab facities preperaion, general supples and eguiprment Se4ETEIE 1268 Dilon,Reinigl33+]

789 [ 1448411 Risk itigation Activities $61,440.00 onrs

780 [4.481.111 Fabricste one Engineering TE board 3000 s

T [4s81012 Test and debug Engineering TE hoard 53072000 s RTC Programmer Con

2 (4481413 TE bosrd rework (desion) 3000 ohs

85 [ 4481410 Fabricate Second Engineering TE hoard 3000 s

8 (4481415 Test second enginesring TE board 3000 s

785 (4481415 Fabricste one cosk andfiming system 3000 s

78 [ 4481417 Test and debug clock and fining system 53072000 ohs RTC Programmer Contract{304]

7 [4481415 Clock and timing system rework 3000 s

| a4s2 DN's and Tip/Tit Platform $00,315.25 0 hrs —

789 | 144821 LODM Mot Design 1200075 140 1rs I Lockwood[16%} Gavel

a0 | 144522 HODM Wourt Design 95138300 600 s I Lockwood[58"%] Gavel

a0t | 144523 Finaize DM Recuiremerts 31167250 140 s [ Gavell16%] Kupkel16%]

802 | 144824 Obtain DM & TT Quotes 95,258.00 s [ Kupke[15%].Gavel

R A0 System Lab 18T $0,496.72 100 hrs [

a0 | 14481 Detaied Pl for &7 343672 100 s EWinowich16%) tale

05 | 14492 A0 System Lab 2T Mini-Review 3000 Ohrs
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a6 145 Loser Guide Star Faciity $oATH000 55

07 1454 Laser Enclosure 8,080.00 528 hrs p—

808 | 14514 LE Managemert and Reporting 140000 E [ MRI Chin[4%],Chin[3%]

a8 | 14512 LE Engincering Tasks 528000 s20mrs

810 | 145424 LE Opto-Mechanical s248000  200mrs

BT 1451211 LE Mounting Frame 3000 s MR Meleir os{25%LMRI Mogenson[50%]

Bz [1451212 LE Mods for staland Servicing 3000 s MBI Medeiros{13%MRI Mogensonl1 3%

813 (1451213 LE for BTO tertace 3000 anhes MR Stalcup[16°%1MRI Mogenson

B4 [1451214 LE for SYD Interface. $2,480.00 40hrs /Stdlcup,Mogenson[50%]

815 | 145122 LE Infrastructure Support $0.00 whs

a6 [1.451221 LE Elctrical Power 5000 s A ancet20%]

B17 [1451222 LE Glycol Cooling Manifold $0.00 24hrs IRl Hance[25%]

818 | 1.451.2.3 LE Electronics $2,800.00 80hrs Lad

819 1451231 LE Environmental Layout: Tempersture, Humicity, HEPA. $2,800.00 40hrs Mance

820 [1451232 LE Electronics Interface. $0.00 40hrs MRI Wetherell[25%]

a1 | 14513 ng Tasks S0 sehrs

22 | 145131 LE negration e Test lans 5000 Tows ARI StalcupMRI Medeiros[50° L

a2 | 145152 LE Documentaton Preparston #1,40000 s MRS Chin,Chis

B2 | 1452 Lasers $200000  1.265hrs P—

825 14521 Laser Reporting and Planning $0.00 180 hrs. MRI Chin[6%]

a5 | 14522 Laser Procurement $0.00 93hrs

a7 | 145221 Laser Cortracting 5000 aoms MBI CHin{36°%1MRI Wizinowich[38%1MRI Laser 1 Down Payment(1

25 | 145222 Laser Phase 1 FOR $0.00 92hrs

w29 [1.452221 Laser Detaled Design 5000 2ms nSLI%LMRI Chn[2* MR Grace{ %1

0 [1452222 Laser Detaled Design Review 5000 72mes MBI Chin,MRI LaVen,MRI Wizinowi

B | 145223 Laser Phase 2 PPU $0.00

832 [1452231 PPU Fabrication $0.00 7_;MNI Adkins[1%}MRI Chin[2°]

5 (1452232 PR Review 000 taths MBI Adking,MRI Chin,MRI LaVe

| 14523 Laser Engineering Tasks $ta0000  3hs p—

55 | 145234 Laser Control Software Design $0.00 120hes v

836 [1.45.2.3.1.1 Laser Interface Software $0.00 96 hrs -

&7 (4523411 LICS Regvements and nterfaces (CD) 5000 s MRIGhin[33%1MRI Laven

% (4523112 LICS Detaied Design, XML lbrary, Stae biachines 5000 s MR) CHin{50°%1MRI LaVen MRl Grace

B (45212 Laser Operational Software $0.00 24hrs

a0 (4523421 LOS Rectiremerts and Iterfaces (CD) 5000 ais R Chin{33%1MRI Laven

841 (4523122 LOS Detailed Design, GUI design $0.00 16hrs ?M {l Chin[25%],MRI LaVen[25%]

842 | 1.45. Laser Controller HW Design $0.00 T6hrs o

843 [1.45. Laser Interface Controller $0.00 T6hrs Lo d

a4 (4523211 LIC Reguirements and nterfaces Review (CD) 5000 s MIRI{in{25°%L0RI LaVen{S0°%1MRI Wether 50711

a5 (4523212 LiC Design and Harciware Selection 3000 s 5 W] Chin 2RI Latien[25%R Wethorell26

846 | 145233 Laser I3T Test Plans $1,400.00 140 hrs. MRI Grace[25%LMRI LaVen[46°:},MRI Chin[2:

847 14524 Laser Design Documerts. $1,400.00 T hrs MRI Chin,MRI LaVen.Chin

w6 | 1453 Laser Launch Facility $M9000 2268 s

a9 | 14531 LLF Managemert and Reportng 91580000 20ms ]  Chin(12%]

@0 | 14532 LLF Engineering Tasks 8616000 1303 hrs

851 | 145324 LLF Beam Transfer Optics $0.00 420hs |p—

852 |1453211 LLF BTO Optical Design $0.00 40hrs MRI Stalcup[50%]

&5 (1453212 LLF BTO Opto-MechericalDesign 000 m0ms MRS Stalcup{50°1MRI Mexdeiros[50%1MR Mogenson(25%]

854 [1453213 LLF BTO Electronics Design $0.00 40hrs MRI Wetherell[50%]

855 [1453214 LLF BTO Test and Integration Plan $0.00 Bhrs [MRI Stalcup[50°%],MRI Medeiros[50%]

a5 | 145522 LLF Beam Generation System 550000 a2bes

857 |1453221 LLF BGS Optical Design $19,600.00 280 hrs.  Staleup[50°%]

&5 (1453222 LLF BGS Orto-Hecharical Design 50,4000 ssnis Stalcupl50%4]Medeiros[50%1Mogensonl

&9 (1453223 LLF BGS Eectronics Design 5000 omws 2

G0 [1.455224 LLF BGS Testand tegraton Flan 9504000 2w Stalcupl 50 Medeiros[50%1Chi

1 | 145523 LLF Switchyard $2642000  $6hes

862 |1453231 LLF SYD Optical Design $5,600.00 B0hrs  Staleup[50°%]

o5 [1453232 LLF SYD Opto-Hecharical Design $15.20000 20s Stalcupl50°4]Medeiros[50%41 Mo

G4 (1453233 LLF SYD Eectronics Design 000 ohs 15

a5 (1453234 LLF SYD Testand tegraton Flan 9532000 Tohes fStaleup{50°%]Medeiros{50%1Ch

a6 | 145324 LLF Safety Functionaity 9560000 T60ts AR Wether ll[50° LRI Chinl5

@7 | 14533 LLF Documertation 9840000 20ms Stalcupl50%4] Medeiros[50%1)

6 | 1454 Laser Safety Systems $5858000 STabes

9 | 14541 S Planring and Reporing 9448000 B

a0 | tasa2 Safety System Controller 2528000 36abes

71| 45424 55 Engineering Tasks $2080000  320hes

72 [1asa214 55 PLC Assembly $18.00000  20hes

75 (4542411 S Layout and nrastructure 9450000 aoes

a7 (4542112 S Hectrarics Drawings 9450000 aoes

75 (4542113 SS terface Design 5260000 anhes

a7 (4542114 SS terosks 5260000 anhes

77 (4542115 SS Frmware 5260000 anhes

75 [1454212 S tegration and Test lans 5260000 anhes

79 | 145422 System Engineering Tasks. $4.480.00 s

80 (1454221 S5 Documertation 5448000 s
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i | tasas ires $i680.00 2ihs v

B2 | 145431 LTCS System Engineering Tasks 165000 24ms v

B3 (1454311 LTCS tration and Test lans 9112000 16w ChinLaven

B (1454312 LTS Documerttion Preparaton ss000 Bhs Chin

885 14544 Aircraft Detection and Safety $4,340.00 62hrs

B | 145441 ACDS Eiectronics 4238000 s

7 (1454411 ACDS Support lan fo efacaionof devices 70000 Tows Ching2s1i]

G | 145442 ACDS Confirm Plans with F 4 and upcatedesign dosument s94000 12w Ching2ste] Shimko[25%]

B0 | 145443 ACDS tgration and Test lans 9112000 16w Chin{2stel Cooper25%]

| 14545 Satellite Safety (LCH) $2800.00 wws

B2 | 145451 LCH Confim Plans with LGH and update design document 52,0000 s Ching10%]

833 1455 LGSF Lab 18T $33,320.00 516 hrs. P—

B | 14551 HQ LGSF 18T Planning and Reparting 5260000 s [ Chinl7%]

B | tass2 HO Lab Infastructure Design 4392000 S [ od

B | 145521 Ha Lab nfastructre Design 352000 s Chint2stelancel2s:]

7 | 14sss Ha Laser nstlaton Flan 52,0000 aoms MIRI M deiros{25%LMRI Chin[25°%Me

| 14554 LGSF Lab 18T Test Plans $26000  dsoms —

B | 145541 LGS Optcal Algnmert Procedtre an Plaring 5224000 a2ws Stalcupl50%]

w0 | 145542 Laser Steering Interface Test Plans 364000 2w

a1 (1455421 Laser nerface o BTO Wodfcations 91,4000 2ws Statcup{50i]

a2 (1455422 Laser nerface wih 805 9112000 T8 etz

a0 (1455423 Laser erface wih Swichyard 9112000 T8 Statcupls0%]

00| 145543 Safety System interface 224000 2w

5 (1455431 Laser nerface Testingo Safty System 5220000 a2ws Cooperlsori]

W6 | 145544 Laser Controller Interface Test Plans 224000 2w

07 (1455441 Laser nerface Testing o Laser Conrcler 9112000 T8 Cooperlsori]

a8 (1455442 Laser OperatanalSaftwere Tesing 9112000 T8 Cooperlsi]

08| 145545 LGSF Lab 18T Mult.Command Sequencer Test Plans Support 224000 2w

a0 (1455451 Satety System terface Testng wit HCS 956000 ois Foopertsona

a1 (1455452 BGS teface win NCS 955000 ams gjteison

a2 (1455453 Swichyard nerface wih hCS 955000 ams aleupts0%]

a3 (1455454 Laser nerface wit MCS 955000 ams [ grintsova1

aid | 14sss LOSF E2E Testing 91 56000 241w FReutsva

915 | 14558 LGSF Mini-Review (Place underLab &T) 5952000 138 ¥ Chin,Cooperts0%sywetr
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55 T Control System ST 2 ins

7|t 0 Control System 3616000 5o Ins P—

S5 | tasia 40 Extrnal Subsystem Design s (80% confdence) 000 oms -

s | tas12 40 Contal System Wanagement and Reperting si7mon ismws Tsubotafs

| tasts A0 Calibration / Simulation 20000 Goohrs LesimininEnd

@ | 145434 CALSM Eectonics Design sepm000  240mws et

a2 | 148132 CALSM Motion Ceriro Software Design s teomws Laventsos]

o | 148133 CALSM Cotro Sezncer sapmon a0mws Laven

@ | tasad Wide Field Relay (Low Ordler) #0600 280ms

@5 | 146141 VPR Ecironics Design san  12mws el

o | 146142 VWFR Maton Contrl Sftware Design 52,0000 woms Fsubotatsovat

a7 | 146143 VPR Contal Secncer san  12mws ibiin

| 14615 LGS Wavefront Sensors 000 Gdoms

o | 145151 LOSWFS Elctrrics Design BP0 240mws M

@0 | 146152 LGSWFS Motan Cortrol Software Design s teomws Tsubotal50%1

@i | 146183 LGSWFS Cartrol Sexuencer sepm000 2e0mws b y

@2 | ta1s Acaisition Camera $06000  280ms

5 | 146164 AC0 Elctrarics Design 9550000 aoms i

@ | 145162 ACQ Mlion CortrolSoftwere Design 9550000 aoms Ul Tsubotal50%1

@5 | 145163 €0 Cantrol Sexvencer san  12mws iso

@5 | taear Low Order Wavefront Sensors 2520000 360mws

a7 | 14674 LOWFS Ectronis Design a0 120ws nesghh

o5 | 148172 LOWFS ation Cortrl Software Design 9550000 aoms Tsubotal50%1

@ | 148173 LOWFS Cortrl Seapencer om0 eomws orrisol

w0 | tasts Harrow Field Relay (High Order) 200000 200ms

S| 145184 NFR Eectonics Design 9550000 aoms u

sz | 145182 NER Hiton Cortro Software Design 52,0000 soms Toubotalso%d]

5 | 145183 NFR Cortrol Seqencer 9550000 aoms Worriso

S | t41s Optical Switehyard a0 t20ms

S5 | 1451894 A0S Blctrrics Design 9550000 aoms nesel)

% | 145192 AOSY Motan Cortol Saftware Design 52,0000 s Tsubotal50%1

w7 | tasam 11GS Wavefront Sensor 080000 Homs

S 1464101 NGSWFS Elecronics Design a0 12ws nere)

i 1451102 NGSWFS aiton Cariral Software Design sz teomws Tsubotal50%1

0 1461103 NGWFS Cortro Sequencer Desgin s teows Morrison

S| tasan Atmospheric Dispersion Corrector #0600 280ms

2 146414 4DC Heclronics Design 9550000 aoms

5 1461112 ADC Metion Cartrol Software Design 9550000 aoms subotal50°

i 1451113 40C Corrol Secuencer Desin san  12mws Worrison

s A0 Enclosures 200000 10d0mms

e ENC Electronics Design 5600000 s00mes

7 asaa214 ENC AO Room (e nput and outpu hetches) sapmon a0mws Wetherel

5 4811212 ENC A0 Elctrrics Vaul szamon s Wetherel

s 4811215 ENC A0 Cal Enclostre (Bench) stes0000  z0ms Wetherell

0| 1451422 ENC Contral Software Design 31580000 20ms g Worrispntsol

1| 141 40 Contal Secuencer snpmon s orrison

w2 | 1asiae RIC erface 9550000 aoms orrison

w5 | 1asiis Atmospherc Profie nerface 52,0000 aoms Morrison

@i | 146116 40 Cortrol System Mini-Review Support 5384000 S2hes | Foubotalsors
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5 LGSF Control System 6296000 2408 hrs

56 LGSF External Subsystem Design Inputs (80% confcnce) 5900 ohs >0t

@7 | 14522 LGSF Controls Subsystem Mini-Reviews $0.00 s p—

968 | 146221 LF $0.00 Ohrs » 15

%9 | 146222 Lsv 3000 ohs 30

970 | 146223 BGS $0.00 Ohrs AQ 521

a7t | 146224 Lss 3000 ohs o 620

972 | 148225 LSE $0.00 Ohrs AQ e

&3 | 14623 Laser Control System Management and Reporting $13,72000 198 hrs A rsubotaf127]

@ | 424 LGSF Sequencer 53360000 as0hs

@5 | 14525 Laser Contraller Interface s200000  200mrs

76 | 146251 L Gommuricaton Cabing 5000 s

@7 | 146252 L Gorirol  Status Iterface 5260000 0 enLaven

@5 | 14526 Laser Switchyard $25.20000  30bes

79 | 146251 LSV Electarics Design $11.20000 10

0 | 146262 LSV ation Contral Software Design 9560000 aotes

1 | 146263 LSY Cortrol Sectencer Design 9840000 T20ms

@z | tasal Laser Beam Generation System $4760000 Go0brs

5 | 146271 BGS Elctroics Design 31580000 20ms

0 | 146272 BGS Software Design 51120000 10 jen

5 | 146273 565 Contrl Secencer Design 91960000 Z0hs

6 | 14523 Laser Safety System 630000 240hrs

7 | 146281 LSS Ectronics Design 5000 ohs

6 | 146242 LSS Software Design $1630000  2d0brs

9 (1452821 LSS Safely System terface 9840000 120ms en

0 [1452822 LssLics 9560000 aoes

a1 [1452823 LSS Laser Clearinghause. 5260000 anhes

@2 | 14529 Laser Service Enclosure $1960000  Z0bes

55 | 146281 LSE Eectraics Design 9840000 120ms u

s | 146292 LSE Software Design 51120000 te0hs Laven

a5 | 146210 Laser Bean Transport Opfics 000 ohs

S8 | 145211 LGSF Cortrol System Mini-Review 3364000 s2hrs [ Tsubotal50%LLaVen MorritonWetherell

w7 | 1463 Control System Infrastructure 53630000 Asd0hes —_—

o5 | 14831 iction and Device Sutsystem Design nputs (30% canfidence) 9900 ohs -

599 | 14632 Cortrol System infrastructure Management and Reporting 1372000 196 hrs Tsubotal5%]

000 | 14533 Motion Control 6720000 s60bes

1001 | 148331 MC Electronics 33360000 4e0hs fetherellfs0%]

002 | 146332 MC Software 53360000 as0hs

005 | 14634 Device Control 6720000 s60bes

1004 | 146341 DC Hectrarics 53360000 as0hs v T Wetherel[5ers]

1005 | 146342 0C Software 53360000 as0hs Teubotalst*{]

005 | 14635 Electronics $25,20000 360hrs. T

1007 | 146351 Instrument rterface 5260000 s etherell

008 | 146352 Inerferometer rterface 5260000 anhes etherell

1009 | 146353 Cartrol Computers 5260000 anhes etherell

1010 | 145354 Reatine Contrl Conputers 9560000 aotes Wetherell

10| 146355 Tine nfrastructure (Sync) 9840000 T20ms Wetherell

012 | 145356 Commurication nfrastructure 5260000 anhes T Wetherell

03| 14636 Software 26000 AT52hes P———

1014 | 146351 Comman Services MiiReview 5000 ohs

1015 | 146362 Revisit KCSF vs EPICS decision $35,840.00 512hrs. [50%]

1016 | 146363 Heath arioring 9560000 aohes

017 | 146364 Logging 9560000 aoes

1018 | 146365 Auchiving 9560000 aoes

1019 | 145366 Harming 9840000 T20ms

020 | 146367 Configuraton 31580000 20ms

1021 | 145368 Keyword rterface 9560000 aoes in

022 | 145369 EPICS Channel Access Iterface 9560000 aoes on

10251463640 Uty Screts 53360000 a0hs i Loven

024 | 457 Data Server 43020000 So0bes ———

1025 | 146371 DS Software Design 53360000 as0hs ) Joson(2{]

025 | 146372 DS Hordware Selecton 9560000 aotes Johnson{20%]

1077 | 14638 Control System nfrastructure Min-Review Support 5364000 s2hrs Y Tsubotafsor,
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0z T Science Operations Tools Fiszo0n0n 24w

0| tan Muti-System Command Sequencer 0000 T20ms | A —

00 | 14714 Wl Systems Cammand Sesencer nfasirucire $15,600.00 2u0es Lyke[25%] Morrison(75+%]

s | 14712 Setup Sequences: confiuraton and calbrations 91120000 T60ts Lykel21%] Morrison(75%]

Wz | 14713 Observing Secuences 52241000 s Lyke{12%] Morrison{75:]PaotD-0psTools

wE | 1412 User interfaces 620000 Gooms

0 | 14721 User nerfaces nfrastructre 99,40000 Tantes Lyke[28%] Morrisonl75+4

s | 14722 Selup Operations:configuraton and calfrafions 95,4000 T20s Lykel25%] Morrison( {51

W | 14723 Oservations User nerfaces for Operatr, Observers, Speciaists 528 010,00 ao0tes Lyke{50%1 Morr{son(754]

T | 1ans Pre- & Post.0bserving Science Support Tools 5600000 s00ms

0 | 14734 Users Documertation 93360000 ssies fefzeraMorris

0 | 14732 Plenring Tooks $22.41000 s yketsotn

a0 | 1474 ‘Science Operations Tools MiniReview 5000 s
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e Gz o [awa | owi [owz | ars [owe | owi [owz]ars [one
0z | T nfrastiucture Modications for A0 a0 is0ms
043 14814 Enginering Tasks 00000 1020ms
1045 |[FR 1481141 Mechanical madifications to Nasmyth deck and support structure $10,600.00 180 hrs. James[25%]|Mogenson[10%] Hyatt[25%]
047 1481143 Fineldesign fo cables, ays, conduts, e, from Ao oher areas | $11 60000 20s f2] James{25%] Mogensonl5o's
1048 148112 Electrical and Cooling $31,000.00 460 hrs P—
1049 | 1481121 Final design for electrical power modifications for A0 Room, 40 ColdEn | $12,200.00 180hrs ef25(:]Reed[25%]
050 1481122 Finel designfor AO Roam dyealsystem (most covered abeady Under . $1220000 T80ts ance[25':] Aghami25'i]
ot 1481123 Finel designof modification o system for cocing LOWFS R deteclors m $6,600.00 T00s 29 lance25*sLAgiami25%]
052 14812 0000 ssoms p—
1053, 148121 Plan relocation of NIRC2 to Keck | $4,800.00 80 hrs Pollard[25%].Mogenson[2
1054 148122 Vendor quotes 3350000 sohrs Pollard[25%}llance[25%]
055 148123 Engineering change recests (ECF) approvel 9500000 aoms Pollardl2stelancel2s
055 148124 Instlationiwork plan anci st plan 9550000 aoms Pollardi2stelancel;
iost | 148125 Verify complnce, conplsnce malices and fnal specifiaions requremert. 3560000 aoms Pollardl2stsliane!
058 148125 Document design 91040000 T60ts Pollardlzstil,
1053, 1482 Infastructure Modifications for LGSF $13,430.00 T6dhrs p—
080 |4 LGSF M Planning and Reporting 5343000 hrs [ Chin[6%LMRI Chin[6%]
081 LGSF IM Engineering Tasks 64000 SToms p—
052 LGSF 1M Electrical 4000 s w—
083 LGSF IM Adaptive Opics Area 000 S L4
084 4822111 LGS M Feeds to Bectarics Room fo Laser 000 241w MBI lanct{25°%1MRI Reed[50%]
085 4822112 LGS M Fesds to Laser Heal Exchanger 000 a2ws MRS Hanfel25L0RI Recl50°s]
086 LGSF 1M Cooling Modifications. w000 dooms ——
067 i LGSF IM On Telescope Glycol Modifications 000 s Lo
088 4822211 LGS M Giyco ines between AO and LE for Laser Heads 000 aoms MIRI Hafuce[25°%1MRI Aglami50°s]
089 1482222 LGSF 1M A0 Enclosure 000 2w
1070 4822221 LGSF IM Glycol Lines and Manifolds to the Laser/ControllerHeat Ex $0.00 20hrs MRIREed[25%]
o7t LGSF 1M Mechanical Modifcations woa000  Hams
07z i LGSF IM Secondary Mofications $112000 2w
7 | 4822311 LGSF I Secondery Madte Courler Weight Hodifcaions 000 s Medeirosi2sti]
7 4822312 LGS I Secondery Wiror Controler Modification 000 sis i{uecenostzsra
075 48223153 LGS MBS Bea Steering Mocifction 9112000 a2ws 501 MR Medeiros[257 L MRI
7 L LGSF IM Telescope Mofications 04000 t3oms
i 4822321 LGS M ecifcaons to Szcondary Wockie Ring 000 s A llance257LMRI Wether el
78 4822322 LGS M Catle Trays to Secondery Mockie 246000 s edeiros{2stilMogensonl50%1
07 4822323 LGSF I Catle Trays ta Laser Enclosure 000 s JoS[25%1 MR Hance{ 251 Moy
080 4822324 LGSF W Telescope Rebsiance Plan a5000 16w ledeiros[25%1MRI Medeirosi25
1081 144 .3 LGSF IM Laser Enclosure Modifications $2,480.00 40 hrs -
082 4822331 LGS M Swichyard Beam Stesring Wofcaions 5246000 s 8 Medeirop[p5lMogenson(50%]
1083, 1.48.2.2.3.4 LGSF IM A0 Enclosure Modifications $0.00 1T6 s —
084 4822341 LGS I A0 Piafonn for Heat Exchanger 000 e MRS Wi {251 MR Mogenson{50%]
085 4822342 LGSF M Heat Exchanger Enclasure 000 s WRI {rbdeiros{25%1MRI Mogensoni5o°
086 14823 LGS M Design Review and Documert Suppart 336000 s Fancel50°s]Medeiros{50°4],Chin
1087 1483 Infrastructure Modifications for Instruments $22,300.00 340 s P—
088 14834 Enginering Tasks S0a0000  teoms —
069 1483410 Mechanical Tasks 100000 20ms »
030 1483411 Finel mecharicaldesignfor modifcations{o Nasmyth deck snd support s $1,000.00 2ws 2
o1 148342 Electrical and Cooling 9400 ta0ms
05z 1483121 Finel designof modification o syste for cocing Davii, assume et ( $9,40000 Taates [ Hancel25*LAgiamIz2s%]
1093 14832 $11,900.00 180 hrs Yy
088 148321 Vendor auctes 91,4000 2ws Pollardl2stiltancel25%]
085 148322 Enginesring change recuests (ECF) approved 5250000 s Pollardl25ti] Mogenson20% ance
056 148323 Instlationiwork plan anci st plan 91,4000 2ws Polaral2si]
057 148324 Verify conplnce, conplisnce maices and fnl specifiaions requremert. $4.200.00 oo Pollardl2steltancel25%]
1038 148328 Document design 5240000 aohrs Mogenson(25%Hllance(25%]
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08 iana Interferometer Modifications 56000 20hes
10 14841 Engineering Tasks 2080000 320
1102 1484111 Final optical design of interferometer interface including a ray trace desic $5,600.00 B0hrs Martip[25%]
1104, 1484113 Design modifcation needed on Keck | AO system to "match” NGAO irterf. $5,600.00 B0hrs 17 Martin[25%]
1105 14842 $12,800.00 200hrs. Yoy
1106 148421 Vendor quotes. $1,400.00 20hrs Martin[25%]
1107 148422 Engineering change requests (ECR) approved $2,400.00 40hrs Martin[25%:},Mogenson[50%]
1108 148423 Installation/work plan and test plan $2,800.00 40hrs Pollar d[25°%],Martin[25%]
1108, 148424 Werify compliance, compliance matrices and final specifications (requirement: $3,800.00 Bhrs Pollar d[25%],Martin[25%] Moger TOI|I?5'~I
1110 148425 Document design $2,400.00 40hrs § Pollard[25%],Martin[25°].Mogenson[50°%]
G 14843 InstalItrfercmete Hetch Cavers 5000 ohs |
iz 1485 Common Infrastructure $2802000  GTohes
1113 14851 CI Planning and Management $2,800.00 B0hrs n[3%LMRI Chin[3%]

e | 14852 ClEngineering Tasks 20000 szoms
s 1485210 ClEtectrical w000 1z2ms
e tas5211 CiMechanical Room 170000 122hes —
117, 4852111 BOKW UPS Systems $2,080.00 32hrs Hance[25°%].Re€d[50%]
1118 4852112 Electrical Distribution Panels in Mechanical Room $1,520.00 24hrs Nance[25%].Repd[50%]
1113, 4852113 Electrical Feeds from Mechanical Room to Computer Room (21KW) $1,520.00 24hrs Hance[25%].Rged[50%]
1120 4852114 Electrical Feeds to Instrument Powver Panel to Telescope (22 KW for $1,520.00 24hrs Nance[25°%].Heed[50%]
e 4852115 Electrical Feeds to Instrument CCR (5.5K) 1,060.00 1ahrs Hance[25%] feedl50%]
2z 1485 i Cooling Modifications. 528000 doabes
2 ras5221 Mechanical Room / Off Telescope Modifications 9000 daoms
1124 4852211 Glycol Modifications between Keck 1 and Keck Il $0.00 120 hrs. {LMRI Agliam[50%]
25 4852212 iyoat Meckcations n echanical Room 3000 oo MIRIHancel26°:LMRI Agliami50°s]
2 1435, On Telescope Glycol Modifications 660000 100hes
127 4852221 New 2" Lines in the from Mechanical Room To AO Enclosure via Az $6,600.00 100 hrs. {5%]. Agliam([50%]
iEg 1485223 A0 Enclosure 86000 12abes
1123 4852231 Glycol Lines to Low Temperature Chiler (A0E) $1,680.00 24hrs [25%]
1130 4852232 Glycol Lines to Instrument $2,800.00 40hrs -e[25%]
1131 4852233 Glycol Lines to AO Room and AO Vault Heat Exchanger $2,800.00 40hrs nce[25%)]
1132 4852234 Glycol Lines to Laser Heat Exchanger $1,400.00 20hrs lance{25°%]
e 14853 CIDesign Review an Documerts Sumport 5224000 B4 flancel50°4]Medeiros[50°1,ChipI50*L MR Han
1134 1488 Telescope & Summit Engineering Mini-Review Ready 5000 s
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[Ed 14944 Remove Old AO System $14.960.00 240trs —
1144 | 149124 Old Laser Removal Revisw Planring & #,890.00 2Thrs Chin[25%}Medeiros[25% llance[25%},Grace[25%],ChockE[25%
1145 |4 149125 Old Laser Removal Review Planning BIC 183000 27hrs "Chin[25%]Medeiros[25%]lance[25%],Grace[25%],ChockE[25%]
46 | 1492 Laser Enclosure Integration 3000 hrs |
1147 1483 A0 Enclosure Integration Plan $2,800.00 a0hrs B Pollard[50%]
1148 1494 AO System Install + 18T $8,400.00 120 hrs. Lad
1149 14941 Infrastructure Mods for A0 - part I $0.00 Ohrs I
KER 1.49.42 A0 System Support Structures Installation $0.00 Ohrs. v
1151 149421 Install 40 Bench & Cold Enclosure Support $0.00 Ohrs I
1152 148422 Install Electronics Supports $0.00 Ohrs I
1153 149423 Install Science Instrument Support $0.00 Ohrs I
1154 149424 Install LGS WFS Support $0.00 Ohrs I
1155 149425 Install Interferometer Module Support $0.00 Ohrs I
1162 1495 LGSF System Install + 18T $20,300.00 290 hrs. p—
1183 |4 14951 LGSF System Install Planning and Reporting $4,20000 B0hrs hinf11%]
1164 14952 LGSF Installstion Plans $6,300.00 a0 hrs 5%} Medeiros];
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77 2 Related Activities $0.00 s
78 A K2Launch Telescope (MRIfunded) $0.00 s P——
7 |E 241 LT Preiminary Design Review 5000 ohs RS
a0 | 212 LT Detaied Design 5900 omws * 02
GENE] 213 LT Delvery 5000 oms *17
a2 |E 214 LT Telescope 16T 3000 ohs
e 2 TOPTICA Laser (ESO-funded) $0.00 s
e |E 221 it Kick-of Meetng 5000 oms| e
e |E 222 M2 Laser Fina Design Review 3000 ohs s
GEA=] 223 3:Pre-Production Lint Compleion 3000 ohs T
e | 224 i Laser Lt 1 Factory Readiness Test 5000 ohs % o2
E 3| MewK2 Laser (MRl proposal) $0.00 s p—
s |E 231 K2 Laser Project Start 5000 ohs o
e |5 232 2 Laser Detalled Design Review 5000 s % oo
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