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1. Narrative

This report is the twenty-second monthly project report for the Preliminary Design (PD) phase in the development of the W. M. Keck Observatory’s (WMKO’s) Next Generation Adaptive Optics (NGAO) facility.  This report covers the PD phase work performed in February 2010. 

1.1 Summary

The technical team is making good progress on the requirements and design.

1.2 Management Status

The PD phase plan presented at the SDR included work under the following management WBS elements. The progress in each of these areas is discussed below.

1.2.1 WBS 1.3.2.1 Planning

Good initial progress was made on the systems engineering management plan.  Draft detailed design (DD) phase product breakdown structure (PBS) and work breakdown structures (WBS) were generated, as well as a draft SEMP document and a draft schedule outline for the post-DD project.  The system design phase cost sheets were updated to produce draft preliminary design phase cost sheets including revisions for the build-to-cost, new WBS and edits to the dictionary definitions and deliverables.

Also in preparation for the PDR the SDR reviewer recommendations and our initial response in KAON 593 were reviewed.  Our status on responding to these recommendations was added to this KAON. 

1.2.2 WBS 1.3.2.2 Project Management and Meetings

Jim Bell, the primary NGAO mechanical engineer at WMKO, resigned from WMKO and transitioned to a two day per week schedule.  Mike Pollard, a new mechanical engineer at WMKO, is assuming Jim’s mechanical leadership responsibilities for NGAO.

A draft charter for the PDR was sent to the WMKO Directors for review.

1.2.3 WBS 1.3.2.4 Proposals

An official WMKO decision was received to re-submit the MRI-R2 new laser proposal as an MRI proposal due April 21.

1.2.4 WBS 1.3.2.5 Programmatic Risk Assessment and Mitigation

The programmatic risk matrix was reviewed and updated, and the associated KAON was updated.  

The final laser risk reduction study reports were received from both laser vendors.  

ESO down-selected the laser vendor to TOPTICA/MPBC and contract negotiations have begun.  WMKO and ESO continued to work on an agreement to allow WMKO to participate in the laser final design and pre-production phases prior to WMKO having funding for a laser.

1.3 Technical Status

The PD phase plan presented at the SDR included work under the following technical WBS elements. The progress in each of these areas is discussed below.

1.3.1 WBS 1.3.3.1 Science Case Requirements

This month we worked primarily on simulations for the high-z galaxy imaging science case.  We now have accurate models of the system throughput and emissivity as well as preliminary values for instrument throughput which we can use with galaxy models to simulate actual observations.  We have analyzed these simulations in the same manner that real observations are analyzed to assess what level of background noise is acceptable for any given galaxy, and to determine to what accuracy we can recover physical properties such as bulge-to-disk ratios, effective radii, and stellar populations.  We have also begun discussions of IFS simulations with the instrument team.

Next month we should be able to finish the science requirements for imaging of high-z galaxies and will delve into full-scale IFS simulations.  We will also be reviewing some of the system and functional requirements and how they flow down from the science requirements during a week-long review period in the first week of March.

1.3.2 WBS 1.3.3.2 Requirements

Revisions were made to the functional requirements based on requests from the mini-reviews.  Laser Traffic Control System (LTCS) software interface information was added to the Contour database. Preparations were made for a week-long requirements review effort to resolve lingering inconsistencies in the online functional requirements Contour database.  This activity is planned for the first week of March.  

A pilot requirements review was performed in preparation for the March requirements effort. We achieved a rate of approximately 12 requirements reviewed per hour over a four hour period. We believe this was limited by the availability of personnel available to make minor real-time changes to the database (such as adding interrelationships between requirements, providing traceability information, etc.). Based on this trial exercise, we are incorporating a more stringent process of collecting non-real-time edits to allow teleconference discussions to focus more strongly on requirements content.

1.3.3 WBS 1.3.3.3 Systems Engineering Analysis

All current wavefront error budget spreadsheet issues were documented in a new tracking items/bugs/fixes list on the final tab of the spreadsheet.  A number of minor bug fixes were also implemented.

In coordination with the Project Scientist, the Systems Engineering team incorporated updates to the science case parameters used to determine performance predictions and to flow down error budget terms in advance of placing requirements documents under official configuration control.

Uptime allocation updated based on RTC design.

Completed KAON 708, “Limits to AO Observations from Altitude-Azimuth Telescope Mounts”; this analysis was performed in response to action items from the subsystem mini‑reviews.

1.3.4 WBS 1.3.3.4 System Architecture

1.3.5 WBS 1.3.3.5 External Interface & 1.3.3.6 Internal Interface Control

1.3.6 WBS 1.3.3.7 Configuration Control

1.3.7 WBS 1.3.3.9 Technical Risk Assessment and Mitigation

The technical risk matrix was reviewed and updated, and the associated KAON was updated.  

1.3.8 WBS 1.3.4.1 AO Enclosure

1.3.9 WBS 1.3.4.2.3 Optical Relays

Good progress was made on the punch list of items from the November AO relay design mini-review (link). We expect these to be completed by April 1. In February, we focused attention mostly on interface issues, in particular coupling the AO relay to the science instruments, wavefront sensors, and resolving the mechanical clearance issues in the switchyard (LOWFS pickoff) area. We made considerable progress on the interface work at a face-to-face meeting on Feb 18-19 between the UC and Caltech teams at Caltech.

Details of the mechanical layout as it affects the AO bench cold enclosure are being worked. Unfortunately, we are having difficulty reliably connecting to the Keck CAD vault system and this is significantly hampering our collaboration and productivity. The problem has been traced down to an extremely slow data link between UCSC and WMKO which affects the performance and reliability of the SolidWorks PDM Works package. Upgrading to SolidWorks Enterprise server should resolve the problem as it is designed for the cross-institutional collaboration environment we are working in although this has a considerable cost.

Revisions to the mechanical layout now show feasible interfaces with the telescope simulator and the acquisition camera. Work is ongoing to fit this in with the enclosure scheme.

Bi-weekly telecons have been held to facility discussions of engineering the interfaces to the LOWFS, HOWFS, enclosure, instruments, and telescope. Meeting notes are posted on the AO System Design web page.

1.3.10 WBS 1.3.4.2.5 LGS Wavefront Sensor Assembly

Work on refining the NGAO LGS WFS KAON to release a final version (2.0) to be included in the NGAO preliminary design manual.  Updates included:

1) Checking for compliance with the latest requirements updates

2) Incorporation of error budget justification tables in the design document

3) Further analysis on plate scale choice using simulations done by Sandrine Thomas

4) Refining the document and the flow-down budget to ensure meeting science case error budgets

5) Redoing the calculations for the latest NGAO optical design to include the effect of an increase in the off-axis angle of the OAP’s made to facilitate packaging and which results in degradation of the LGS image quality over the field of regard

1.3.11 WBS 1.3.4.2.6 NGS Wavefront Sensor Assembly

Designed an alternate second relay for the NGS WFS wherein the NGS WFS is picked off by a dichroic before OAP4.  The design produces an f/18 output using a triplet as the focusing element with reasonable image quality for NGS wavefront sensing.

Corresponding IGES files were also generated using Zemax for mechanical packaging. An update to the existing procedure to export a Zemax design into SolidWorks has been documented at: 

http://www.oir.caltech.edu/twiki_oir/bin/view/Keck/NGAO/OpticalDesign.  

1.3.12 WBS 1.3.4.2.7 Low Order Wavefront Sensor Assembly

In response to overall packaging issues we modified our tip-tilt arm design be significantly more compact. The changes were: 1) a single lens to form the image of the pupil in a diverging space and 2) a change in the fold mirror to put the cryostat at right angles to the beam coming from the object selection mechanisms. This design not only shortens the space for packaging the TT arms, but it also provides additional space for mounting of the MEMs DMs. These changes leave us with a superior design for the tip-tilt arm. 

A Caltech Optical Observatory report to TMT about the operations, performance and design of the IRIS OIWFS (on instrument wavefront sensor) was discussed with Roger Smith to better understand similar issues for the NGAO LOWFS.
The preliminary design for the cryostat is wrapping up. The heaters, housekeeping electronics cabling, vacuum feed through, and the getter housing for both the Zeolite and coconut charcoal getter were added. This allows us to proceed with two remaining aspects of the design: 1) simulations of the thermal loading and thermal shielding specifications and 2) integration of the cryostat with the remaining parts of the LOWFS and the NGAO system. 

We have also integrated this opto-mechanical model into the object-selection mechanism design. We have removed the cylinder that was reserved for the opto-mechanics and have replaced it with the relay optics as designed and the cryostat design. We will fine tune the opto-mechanical mounting of these components shortly.  The majority of the design work for the relay optics and cryostat are nearing completion. The remaining mechanical work is to detail the lens housings, the DM support and the fold mirror.  

1.3.13 WBS 1.3.4.2.9 Acquisition Camera

1.3.14 WBS 1.3.4.3 Alignment, Calibration and Diagnostics

1.3.15 WBS 1.3.4.4 Real-Time Control

The RTC design mini-review took place on December 10.  Documents for the review, including reviewer comments and the reviewer final report, are posted to the NGAO Twiki page (link).  Work is in progress to complete the punch list of items resulting from this review, with the RTC design documents being revised accordingly.  About 40% of the items have been completed and we expect full completion by mid April. 

Don Gavel is updating a study examining the relationship of latency to controller bandwidth error in the hybrid open-loop tweeter / closed-loop woofer system to account for wavefront sensor spatial filtering. A revision to the report is in progress.

We have solicited bids for the RTC board design work. At present it is likely we will choose Xilinx design services, since they are the manufacturer of the FPGA chip and have given reasonable quotations for three phases of board design work leading to a board package ready for fabrication. We expect to initiate a short-term contract for the phase 1 work in early March, to be completed in time for the June 2010 PDR. 

1.3.16 WBS 1.3.5 Laser System Design

With the selection of the laser vendor, the laser enclosure (LE) preliminary design was able to make progress.  The decision has been made to reuse the existing laser enclosure on the Keck II elevation ring.  The design document shows the ability of the current LE to support the requirements of the new lasers with modifications.  The modifications have been documented and only management issues remain to complete the preliminary design.

With the selection of the vendor, a preliminary design document has been written to support the installation of three lasers.  The laser design must still go through its final design phase before all interfaces are complete.  The design document demonstrates how the new lasers are integrated onto the telescope.  The document includes the designs and interfaces necessary to support the lasers.  With the selection of the laser vendor, the safety system design has also been updated.

A site visit was made with a launch telescope vendor for the MRI funded Keck II center launch project.  Contract negotiations are ongoing.

1.3.17 WBS 1.3.6 Control System Design

Preparations continued for the motion control electronics mini-review coming up in March and the control system software mini-review scheduled for April.  Considerable effort also went into understanding and updating the relevant requirements in the database.

The controls mini-reviews are proving to be very useful as they give intermediate milestones and have been exposing deficiencies before they become a problem.  As a result of the device controls architecture, effort went into establishing a more realistic power usage budget.

Software controls collaboration diagrams have been firming up, the laser sequencer design document is nearly complete, and the AO sequencer design is well under way.  

The WBS was reworked for the detailed design phase with a more subsystem-centric view.  

1.3.18 WBS 1.3.8 Telescope and Summit Engineering Design

1.3.19 WBS 1.3.9 Operations Transition

1.3.20 Science Instruments

In February work continued on the optical design for the imager and the IFS slicer. The imager design work continued to the completion of an all refractive design for the imager. This design has proven difficult to optimize for adequate performance below 1 micron. This is in part due to the field curvature at the output of the NGAO narrow field relay, and due to the desire to minimize distortion of the images at the detector. As a result we have decided to explore a reflective design based on off-axis parabolic mirrors. This should allow an improvement in pupil image quality, reduce the challenges of maintaining adequate broadband performance, and still maintain a good balance between image quality and geometric distortion.

The IFS hybrid slicer drawings are in progress, and we expect to release them to vendors for feasibility and price quotations in March. Work is now beginning on the design and analysis of the spectrograph back end for the IFS. With the support of the TMT we are planning to use the TMT IRIS lenslet spectrograph design as a reference, and we may be able to use or adapt the TMA designs for that spectrograph (developed by Brian Bauman of LLNL/UCSC).

We have contracted with an outside engineering resource (Mike Hess a former WMKO mechanical engineer) to adapt the MOSFIRE dewar design to the NGAO instrument. This choice is driven by the proven thermal performance and known cost of the MOSFIRE dewar, and the fact that we need comparatively long optical path lengths to accommodate the f/46 focal ratio of the NGAO narrow field science relay. We also have resources in place at UCO/Lick to work on the instrument’s filter wheel, pupil mask wheel, and coronagraph wheel. This work will begin in March.

An interface control document for the instrument was released in early March and iterated with the NGAO systems engineering team. We are also working with the science team on the development of IFS simulations based on work done by David Law for the simulation of OSIRIS observations of faint galaxies. We plan to extend this simulation to include other science cases (brighter targets).

We have also given the instrument a name, after reviewing possible conflicts and finding none that are significant (one space interferometer mission, as yet un-built, and one test instrument in 2001 for the VLT, using a shorted form of the name “Vinci”), we have settled on “DAVINCI” for Diffraction limited Adaptive optics Visible and Infrared iNtegral field spectrograph and Coronagraphic Imager.

Due to conflicts with optical design resources to support various interface driven changes to the AO system design for NGAO we have moved the DAVINCI mini‑review of the optical design and performance predictions for the imager, the overall layout, and the conceptual design of the IFS to April 12, 2010. 

1.4 Keck Adaptive Optics Notes

All of the NGAO KAONs can be found at:

http://www.oir.caltech.edu/twiki_oir/bin/view/Keck/NGAO/NewKAONs.  

The following KAONs were produced in February:

KAON 706, AURA Laser Subaward Summary

KAON 707, NSF MRI Proposal “Development of an Improved Keck II Laser Launch Facility”

KAON 708, Limit to AO Observations from Altitude-Azimuth Telescope Mounts

KAON 709, NGAO Power Budget

KAON 710, Latency, Bandwidth, and Control Loop Residual Relationships

KAON 711, Control Electronics Architecture Reviewer Report

KAON 712, Preliminary Design Report #21

1.5 Schedule and Budget Status

1.5.1 Milestones

All of the milestones through June have been completed.  The requirements PD release milestone continues to be delayed, although good progress is being made.  

[image: image2.emf]NGAO Milestones Status

2008 May Preliminary Design phase begins

Complete

2008 November NFIRAOS Cost Comparison

Complete

2009 March Build-to-Cost Review

Complete

2009 May Laser Risk Reduction Contracts Issued

Complete

2009 June Operations Concept Document Release 1

Complete

2009 July Requirements PD Release 1

80% compl.

2009 August Software & Controls Architectures PD complete 

SW compl.

2009 August Optical relay/switchyard PD complete

90% compl.

2009 September LGS WFS Assembly PD complete 

90% compl.

2009 October RTC Software PD complete

80% compl.

2009 October Laser Launch Facility PD complete

90% compl.

2009 December Laser Preliminary Designs complete

Complete

2010 March LOWFS Assembly PD complete

2010 March NGAO IFU SD & Imager PD complete

2010 April Preliminary Design Review

Replan Dates


Table 1: NGAO PD Phase Milestones

A series of mini‑preliminary design reviews were identified in August, including tentative dates and reviewers (see Table 2).  These reviews are intended to allow the NGAO team to wrap up and self review the designs for key subsystems in advance of the PDR.  The sixth of these reviews was completed in January.  The next review is scheduled for March.  The dates for some of these reviews have been changed since the last report.  A performance budget mini‑review was added.

[image: image3.emf]Mini Design Review Lead Date Reviewers

Software architecture EJ 8/24/09

Conrad, Dekany, Gavel, Tsubota

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

Kupke, Martin, Velur

AO bench optics/mechanics DG 11/17/09

Dekany, Delacroix, Stalcup 

LGS WFS  VV 12/7/09

Gavel, Lockwood, Stalcup

RTC architecture DG 12/10/09

Boyer, Troung, Johansson

Control electronics architecture EW 1/26/10

Dekany, Krasuski, Stalcup

Motion control architecture EW 3/11/10

Krasuski, Delacroix, Gavel

NGS WFS VV 3/31/10

Lockwood, Neyman, Stalcup

LOWFS KW 4/2/10

Adkins, Gavel, Kupke, Loop

Performance budget RD,MT 4/8/10

Gavel, Max, Neyman

NGAO instrument optical design SA 4/12/10

Bauman, Gavel, Larkin, Lyke

Control system software KT 4/16/10

Conrad, Dekany, Gavel, Cromer

Alignment, calibration & diagnostics CN,TS 4/19/10

Dekany, Gavel, Lyke

AO room & bench enclosures MP ? Chin, Delacroix, Lockwood 

Science operations tools concept JL,KT ?

Campbell, Chock, Max

Interferometer ? ? ?


Table 2: Planned Mini‑Preliminary Design Reviews 

1.5.2 Schedule

A high level snapshot of the tracked version of the new schedule through January is shown in Figure 1 with 62% of the total PD phase work complete (versus 59% complete at the end of January 2010).   

A tracked version of the instrument MS Project plan, with a start date of May 1, 2009, is shown in Figure 2 with 27% of the overall work complete (versus 20% at the end of January 2009). Note that work in the instrument plan corresponding to the NGAO PD phase represents 71% of the total, so progress in support of the NGAO PD is actually at 38%. This schedule shows the tasks in progress now or that are planned to start in March 2010. Note that obtaining adequate mechanical engineering resources is now critical and must represent a significant portion of the effort completed in the coming months in order to make the needed progress to PDR.

1.5.3 Budget

The total NGAO PD phase budget (from the SEMP) was $3030k excluding contingency; the contingency was $449k.  The revised total NGAO PD phase budget, based on the funded TSIP proposal, is $3276k including contingency (an overall reduction of $203k).  The contingency in the new budget is $157k and we also assigned $149k for work in July and August to wrap up action items from the preliminary design review meeting.  The new budget to complete the work through the design review, excluding contingency, is therefore $3276k - $157k - $149k = $2970k.  

A total of $2020k has been spent through February (the CIT February actuals were unavailable and have been estimated at $40k) or 68% of the budget excluding contingency (compared to 62% of work completed). 

1.6 Anticipated Accomplishments in the Next Period

All of the previously anticipated accomplishments through April have been completed and we have chosen not to list them here (see the April report for this list).  

The anticipated accomplishments for May along with their status in italics:

· Complete functional requirements release 1.  Continues to be delayed.
· Complete observing operations concept document release 1.  Complete.

· Complete the post build to cost replan and start tracking versus this plan. Complete.

The anticipated accomplishments for June along with their status in italics:

· Hold first NGAO Science Advisory Team meeting.  Complete.

The anticipated accomplishments for July along with their status in italics:

· Document evaluation of fixed pupil mode design options.  Complete.

· Document vibration mitigation work.  Complete.
· Complete laser MRI-R2 proposal.  Complete.
The anticipated accomplishments for August along with their status in italics:

· Complete software architecture design review.  Complete.

The anticipated accomplishments for September along with their status in italics:

· Complete TSIP proposal.  Complete.

· NGAO presentation at the Keck Strategic Planning Meeting.  Complete.

The anticipated accomplishments for October along with their status in italics:

· LGS launch facility design review.  Complete.
The anticipated accomplishments for November along with their status in italics:

· Complete ATI proposal.  Complete.
· AO optical design review.  Complete.
The anticipated accomplishments for December along with their status in italics:

· LGS WFS design review.  Complete.
· RTC design review.  Complete.
· Laser preliminary design reviews.  Complete.
The anticipated accomplishments for January along with their status in italics:

· Control electronics architecture review.  Complete.
The anticipated accomplishments for February along with their status in italics:

· Begin work on the Systems Engineering Management Plan for the detailed design phase.  Done.
The anticipated accomplishments for March are the following:

· Motion control architecture mini-review.

· Requirements database and documents put under configuration control.  

2. Financial Summary

The budget and expenditures to date for year 1 of the NGAO project were provided in KAON 665 (Project Report 13; the year 1 expenditures totaled $729k).  The budget, expenditures to date and estimate to completion for year 2 of the NGAO project, which began in May 2009, is shown in Table 3.   
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Figure 1: Tracked version of the new PD phase schedule through February 2010

[image: image5.png]) WBS - |Task Name Work % Complete. 2010
or [V [ un | [ g | Sep | Oct [Nov | D | dan [P | iar | pr [y [ |l

1 © Wilestones Ohis o
5 1 lear IR Imager and IFS 741935 hws o =
6 14 Management 102721us. [

£ 112 Project Mectings 3M04ms. 9% [ N |
@ 147 Budget Maintenance s2hrs 2% | | | | | |

3 13 Instrument Design and Fabrication 603045 hrs 20%

E 134 A0 System to Instrument Interface Definitions. 136 hrs 4

£ 133 Instrument 509845 hrs 2%

£ 1334 IFS System Design Phase 185415 hrs 2%

Ed 13344 IFS Performance Budgets. 200 hrs. ED

@ 1334, Trade Studies 245 s a5

£ 13343 Conceptual Designs. 350 hrs. L

B ———
p—
D
—
—
—
—
00 133431 Developmert of design ortons soms to0n
o1 133132 Eveluaionofdesign options tows| 100
102 133133 Caltwaton and algnment ssues eohs s
105 133134 Downsslect o consepual design woms f00%
104 133135 Revised performance budets w0ms %
105 133136 Performance budget report s 0%
106 13317 Performance estindes wons % i
—
P —————————eey
——
——
—
—
—
—
p—
p—
p—
p—

107 133138 System requirements documert. Tohrs 0%
108 133138 System design manual sohrs 0%
108 13344 System Design Review 2nrs o
112 133, IFS Prefiminary Design Phase 214815, o
121 1333 Hear IR Imager and IFS Preliminary Design 199 hs. 0%
122 13334 Imager Trade Studies. 104hrs 7w
125 1333, Imager Performance Budgets. 124hrs v
132 13333 Optical Design 36 hrs. 2%
141 13334 Dewar 92hrs 6%
142 133341 Cold Assemblies T52hes 0%
143 13334110 Dewar Internal Structure a5 hes o
148 1333412 Fore Optics. 188 hrs. o
158 1333413 Filter Wheels. 55hrs ED
183 1333414 Imager 20hrs. o
177 133342 Warm Assemblies 240 hws 35%





Figure 2: Tracked version of the NGAO Science Instruments schedule through February 2010

[image: image6.emf]Expenses Notes To Date Projected Total

Person 

Months

Year 2 

(5/1/09 to 

4/30/10)

Senior Personnel

Peter Wizinowich, Project Manager 56,396 $        - $                 56,396 $        5.1 53,404 $       

Claire Max, Project Scientist 1 - $                 - $                 - $                 3.7 - $                

Richard Dekany, Co-investigator 68,070 $        - $                 68,070 $        5.0 45,662 $       

Donald  Gavel, Co-investigator 47,161 $        - $                 47,161 $        3.4 38,922 $       

Total Senior Personnel 171,627 $      - $                 171,627 $      17.1 137,988 $     

Other Personnel

Post Doctoral Associates 40,857 $        166,783 $      207,640 $      10.0 207,640 $     

Other Professionals (Technician, Programmer, Etc.) 758,595 $      202,807 $      961,401 $      74.4 893,688 $     

Graduate Students - $                 - $                 - $                 0.0 - $                

Undergraduate Students - $                 - $                 - $                 0.0 - $                

Secretarial - Clerical (If Charged Directly) - $                 - $                 - $                 0.0 - $                

Other - $                 - $                 - $                 0.0 - $                

Total Salaries and Wages

971,079 $      369,590 $      1,340,669 $   101.5 1,239,317 $  

Fringe Benefits 252,626 $      103,104 $      355,730 $      349,710 $     

Total Salaries, Wages and Fringe Benefits

1,223,705 $   472,694 $      1,696,399 $   1,589,027 $  

Equipment - $                 37,000 $        37,000 $        37,000 $       

Travel

Domestic $7,829 58,560 $        66,389 $        66,389 $       

Foreign - $                 - $                 7,790 $          7,000 $         

Other Direct Costs

Materials and Supplies 17,168 $        6,000 $          23,168 $        11,000 $       

Publication Costs/Documentation/Dissemination - $                 - $                 - $                 - $                

Consultant Services - $                 - $                 - $                 - $                

Computer Services 2,150 $          450 $             2,600 $          2,600 $         

Subawards (Subcontracts) - $                 41,850 $        41,850 $        41,850 $       

Other 181 $             - $                 181 $             - $                

Total Other Direct Costs

19,499 $        48,300 $        67,799 $        55,450 $       

Total Direct Costs

1,251,033 $   616,555 $      1,875,377 $   1,754,866 $  

Indirect Costs 2 - $                 - $                 - $                 - $                

Total Indirect Costs - $                 - $                 - $                 - $                

Total Direct and Indirect Costs

1,251,033 $   616,555 $      1,875,377 $   1,754,866 $  

Contingency

Labor (Total Salaries, Wages and Fringe Benefits)  3 - $                 - $                 - $                 158,903 $     

Materials (Equipment, Materials and Supplies) 4 - $                 - $                 - $                 - $                

Less Planned Usage of Contingency 5 - $                 - $                 - $                 - $                

Total Contingency

- $                 - $                 - $                 158,903 $     

Total Cost including contingency

1,251,033 $   616,555 $      1,875,377 $   1,913,769 $  

Funding Profile

Retained 2007 TSIP Funding from Year 1 294,547 $     

2007 TSIP Funding Year 2 6 1,023,680 $  

2009 TSIP Funding 7 1,228,000 $  

Total Funding

2,546,227 $  

Notes:

1.  Academic appointment, no direct labor charged to project.

2.  All participants are waiving their normal indirect cost charges.

3.  Labor contingency is 10% for the preliminary design phase.

4.  Materials contingency is 0% for the preliminary design phase.

5.  No usage of contingency is planned at this time.

6.  10 nights per year.

7.  TSIP funding awarded in late 2009.

Year 2 Expenses



May 2009 to April 2010 Year 2 Budget


Table 3:  NGAO PD Phase Expenditure Summary for Year 2 through February 2010 (excluding CIT actuals for February which were estimated at $40k)
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