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Dark Energy Camera Project

Acquisition Strategy

1.  Desired Outcome and Requirements Definition
1.a.  CD-0 Approval

The CD-0 for a Ground-Based Dark Energy Experiment was approved by the Director of the Office of Science, Raymond L. Orbach on November 22, 2005.  There have been no material changes since its approval.  The Dark Energy Camera (DECam) Project is the portion of the option 1 presented in this CD-0 document that will be managed by Fermilab.

1.b.  Summary Project Description and Scope
The mission of the High Energy Physics (HEP) program is to explore and to discover the laws of nature as they apply to the basic constituents of matter, and the forces between them.  In 1998, dark energy was discovered by two teams using ground-based and space-based measurements.  Determining the nature of dark energy is a high priority science objective for HEP.  The Dark Energy Survey (DES) offers the fastest approach to the next step in increasing the understanding of dark energy.

The DECam Project will be the portion of the DES that uses DOE funding and it will be managed by Fermilab.  The purpose of this project is to construct a large-scale charged-coupled device (CCD) camera for galaxy cluster counting and other dark energy measurements.  The camera is intended to be installed on the Blanco 4m Telescope in Chile.  The combination of this telescope and camera with the necessary sensitivity will make it more than ten times as powerful as any existing facility.  In combination with galaxy cluster mass measurements from other telescopes, the data is expected to provide the first high precision (five to ten percent statistical errors) dark energy constraints.  

The Dark Energy Survey also encompasses separate projects to provide Data Management for the survey, and to improve the Blanco Telescope and its control systems.  The Data Management Project will be undertaken by the National Center for Superconducting Applications (NCSA) and the University of Illinois.  The telescope improvements will be undertaken by the Cerro-Tololo Inter-American Observatory (CTIO), which is a division of the National Optical Astronomy Observatory (NOAO).  NOAO is operated under a cooperative agreement with the NSF.  An agency level Joint Oversight Group is planned to oversee the DES work.

1.c.  Performance Parameters Required to Obtain Desired Outcome
DECam will be capable of obtaining images of 5,000 square degrees of the Southern Galactic Cap with four filters with 30 percent of the time of the Blanco Telescope in five years.  Specific expected performance parameters for the DECam project are contained in the DECam Project Conceptual Design Report.

2.  Cost and Schedule Range
2.a.  Total Project Cost Range
The DECam Project is a Major Item of Equipment (MIE).  The DECam Project has not yet been baselined, but the pre-baseline total estimated cost (TEC) for the DECam Project is expected to be in the range $23.5 million to $29.8 million in then-year dollars.  Current estimates are that that the project could be baselined at the low end of this range.  The other project costs are included in the table.

	Item
	Cost Range

	DOE MIE
	15.5-21.8

	DOE R&D
	8.0

	DOE TPC range
	23.5-29.8

	U.S. Universities 
	1.0

	Foreign Contributions
	3.0

	DECam TPC 
	27.5-33.8


The commissioning and operations of the DECam on the telescope are outside the scope of the DECam Project.  These costs would primarily consist of supplying cryogenic liquids for the CCD cooling system, and of supplying effort for commissioning and repairs from the collaboration institutions for the component systems for which they are responsible.
2.b.  Funding Profile
The following table shows the preliminary funding profile for the DECam Project.

Estimated DOE Funding

(Then Year M$)2

	Planned Funding (AY in thousands)

	
	FY2006
	FY2007
	FY2008
	FY2009
	FY2010
	Total

	DOE MIE
	0
	0
	5.9
	6.0
	3.8
	15.7

	DOE R&D
	2.3
	4.6
	1.1
	0
	0
	8.0

	DOE TPC
	2.3
	4.6
	7.0
	6.0
	3.8
	23.7


2.c.  Key Milestones and Events
The following table shows the key preliminary milestones.  The milestone dates are from the Mission Need Statement.  The estimated dates are the new estimates of the Integrated Project Team (IPT) of the desired schedule.

	Milestone
	Milestone Date

	CD-0 Approve Mission Need
	11/25/05

	CD-1 Approve Alternative Selection and Cost Range
	1st Qtr. FY 2007

	CD-2 Approve Performance Baseline 
	2nd Qtr. FY 2007

	Begin long lead procurement
	2nd Qtr. FY 2007

	CD-3 Approve Construction
	1st Qtr. FY 2008

	Begin regular procurements
	1st Qtr. FY 2008

	CD-4 Approve Project Closeout
	3rd Qtr. FY 2011


3.  Major Applicable Conditions
3.a.  Environmental, Regulatory and Political Sensitivities

There should be no significant environmental, regulatory or political sensitivities that would impact the project.  All work done at Fermilab will be in accordance with Federal, state, and local guidelines.  Safety will be integrated in all aspects of work performed at Fermilab per Fermilab’s DOE-approved Integrated Safety Management Program.  The proposed Dark Energy Survey Project was reviewed per DOE’s National Environmental Policy Act Implementing Procedures and approved as a categorical exclusion on July 11, 2006 (10CFR1021, Subpart D, Appendix B3.6).  Analysis is underway to document any safety hazards/concerns that will be addressed in the Preliminary Safety Assessment Document (PSAD).  Prior to sustained operations, a Safety Assessment Document (SAD) will be written by the project and approved by the site office.

3.b.  Others
There are no significant other sensitivities.  

4.  Risk and Alternatives (Technical, Location, and Acquisition Approach)

Technical and Location Alternatives

The alternatives are limited by the nature of the project.  There were several concepts that could have provided complementary ground-based measurements of dark energy as the next step in a robust program.  All concepts are optimized for one type of measurement, but several others could have been used in a complementary fashion in each experiment.

Option 1:  Construct the DES as described in section 1 of this document.

Option 2: Build a spectrograph to be used on an existing wide field of view telescope for baryonic oscillation measurements.  Such a detector would be 10 times more powerful than any yet built and would obtain a massive galaxy redshift survey.  The measurements of the variation in baryon particle densities would be used to determine the nature of dark energy at higher redshift, z between 2 and 4, than is possible with other experiments.

Option 3: Build a next-generation wide-field telescope along with the world’s largest optical imaging camera and associated data acquisition system.  This concept would allow measurements of galaxy shape distortions caused by weak gravitational lensing to determine the growth of galaxy clusters over time.  It is expected that other agencies or institutions would provide funding for the telescope.  Such a facility could obtain sequential images of the entire visible sky every few nights, and the data collection area would be two orders of magnitude larger than any existing facility.  Data will be of use to the larger astrophysics and astronomy community for many different science topics.  The data would provide high precision dark energy constraints at the approximately 2 to 3 percent level.

Option 4: Do nothing. Some progress in the ground-based methods of determining dark energy may be made with existing detectors and facilities in the U.S. funded by other agencies or in Europe. 
Option 1 was selected because, as the first step in the Dark Energy Program, it can significantly increase the precision of measurement techniques and offers the fastest approach to make the next step in increasing the understanding of dark energy.  This approach also provides valuable experience with both the analysis techniques and the data management scale required for precise dark energy measurements, as an intermediate step which will help ensure the success of the larger projects planned in Option 3.  This approach also provides valuable experience with both the analysis techniques and the data management scale required for precise dark energy measurements, as an intermediate step which will help ensure the success of the larger projects planned in Option 3.
Acquisition Alternatives 

The choice of the acquisition approach is mainly dictated by the nature of the project.  The DECam Project involves significant scientific and technical expertise with existing equipment and expert knowledge of physics and astronomy.  This expertise is found within the laboratory and other collaborating institution workforces that are currently performing research, development, engineering and experimentation related to DES.

Given these considerations it is more efficient to rely on the operating contractor of Fermilab to act as the prime contractor for the DECam Project rather than have DOE serve in that capacity or contract out to a third party.  The IPT evaluated the option of having DOE handle the DECam acquisition itself and found that it would be more effective for Fermilab to do the work, since neither the Office of Science (SC) nor the Fermi Site Office have the staff—quantity of personnel or expertise—to oversee design and fabrication of the project and handle all the procurements needed.

In addition to the nine areas presented below, comprehensive analysis of cost, schedule, technical, and scope risks have been systematically performed.  The results of this analysis and actions taken to address risks will be presented at the baseline readiness review, conducted by the Office of Science.

4.1 Cost and Schedule Range
To the extent feasible, procurements will be accomplished by fixed-price contracts awarded on the basis of competitive bids.  Incremental awards to multiple subcontractors to assure total quantity or delivery will be performed if appropriate to reduce schedule risk.

Detailed cost estimates of each of the major procurements for the DECam Project have been made from vendor quotes and experience with earlier and similar procurements.  As a result, these cost estimates will serve as the should-cost benchmarks as the project evolves and be utilized to estimate project procurement costs and explain any variances.

The largest schedule risks that concern the IPT are the time needed to procure the lenses for the optical corrector, and the time required to complete the CCD R&D and arrive at a reliable figure for the CCD yield.
There are two large purchases that are cost drivers for DES: the corrector lenses and the CCD wafers.  The primary risk of cost increase comes from the uncertainty in the yield of science-quality CCDs to be obtained from each batch of silicon wafers.  This cost risk has been mitigated by including as a cost and schedule contingency the purchase of an extra lot of CCD wafers.  This purchase and its associated processing add approximately $1 million to the cost and four months to the schedule.  A CCD yield of as low as 19 percent can be accommodated by exercising the option to purchase this extra lot.
4.2 Funding Range and Budget Management
Funding for the project comes primarily from the Department of Energy through the High Energy Physics program.  Contributions from U.S. universities and foreign institutions have been identified.  The currently-envisioned scale for non-DOE contributions is approximately 15 percent of the TPC.  Non-DOE funding will be controlled via Memoranda of Understanding between Fermilab and the collaborating institutions.  Fermilab has a 20-year history of excellent foreign support on detector collaborations.

Both OHEP and senior management of the Office of Science are aware of the physics importance of DECam and its cost.  It is planned to fund DECam out of the High Energy Physics budget, and final approval will indicate management’s evaluation that it can be accommodated within future expected budgets.

4.3 Technology and Engineering
Preparation of clear, concise specifications, judicious determination of subcontractor responsibility and approval of proposed subcontractors, and implementation of QA provisions will minimize technical risk.  The Project has been designed to further minimize technical risk by exploiting previous experience to the greatest extent possible, and minimize exposure to single vendor failures.  Technically risky elements have been minimized by making deliberately conservative design choices where appropriate.  These include redesigning the optical corrector to use smaller diameter lenses and using a procurement model for the CCDs which was already demonstrated by LNBL for the SuperNova/Acceleration Probe (SNAP) experiment. The project has also chosen to complete the development of a design of a CCD readout system from NOAO as a basis for its DES system, which represents a savings in design and development time and costs.

4.4 Interfaces and Integration Requirements
The technical components produced by the project will be installed according to a detailed integration plan prepared by the collaboration.  Installation of the components on the telescope is not part of the project.  Development of this plan has begun.  An objective of the project is to minimize the impact to the ongoing research program at Fermilab and CTIO.  Project work can be carried on in parallel to the current experimental program.  Fermilab has a history of working effectively with the collaborating institutions.  The risk of interfaces and integration requirements issues is, therefore, small.  Further details are presented in section 6.3.

4.5 Safeguards and Security
Safeguards and security at Fermilab will be covered under Fermilab’s existing DOE-approved program and Fermilab has experienced no major incidents in the past.  The DECam Project will create no new security issues during design and fabrication.  No laboratory safeguards and security requirements will need to be changed for operations.  Access to Fermilab is controlled to ensure worker and public safety and property protection.  None of the work at Fermilab is classified.  The risk of safeguards and security issues is, therefore, small.

4.6 Location and Site Conditions
The DECam Project will be carried out primarily at Fermilab.  Some subcomponents will be provided by collaborating universities and research institutions.  Acceptance tests for the camera in Chile, prior to its installation on the telescope, constitute the completion of the DECam project.  The subsequent installation of the camera on the telescope is not part of the DECam Project. There are no known site related risks.

4.7 Legal and Regulatory
No legal or regulatory problems are foreseen, and Fermilab has historically completed similar contracts and projects with minimal exposure to claims.  The project will be in full compliance with all applicable federal, state, and local requirements.  There are no known legal or regulatory issues that could impact the project.  The risk of legal and regulatory issues is, therefore, considered small.

4.8 Environmental, Safety and Health
Based on the nature of the DECam Project, impacts to the environment are anticipated to be minimal.  National Environmental Policy Act (NEPA) for the projects is covered by Categorical Exclusion, and the work to be conducted at the Fermilab site will be covered under Fermilab’s existing Integrated Safety Management Program.  Fermilab has a history of performing similar work in a safe manner.  In addition, a Safety Assessment Document specific to DES will be produced prior to sustained operations.  The risk of environmental, safety, and health issues is, therefore, considered small.

4.9 Stakeholder Issues
There are no significant stakeholder issues anticipated.  Local and regional businesses and universities are in favor of DES.  Furthermore, Fermilab has excellent relations with the local community.  Through its existing outreach and community programs, Fermilab will keep stakeholders updated on the progress toward completion of the DECam Project.  The DES Collaboration is a prime group of stakeholders of this project.  Members of the collaboration are intensively involved in the design of the project.  The risk of stakeholder issues is, therefore, small.

5.  Business and Acquisition Approach
The prime contractor of Fermilab will have prime responsibility for oversight of all contracts required to execute this project.  Fermilab will pursue a strategy that mixes the purchase of components from vendors with assembly at Fermilab and placing contracts with university groups to fabricate some of the detector subsystems.

A special procurement strategy is required for the CCD’s which form the focal plane array.  These devices have a relatively low yield from the manufacturing process, and then undergo lengthy and delicate processing before delivery to Fermilab.  The cost and time required to procure the CCDs are major drivers for the cost and schedule of the DECam project.  The strategy adopted by the DECam Project is designed to minimize the cost and schedule risk to the project.  The CCDs are procured in lots of 24 wafers each.  Of the 24 wafers, three wafers are used as a control sample, which allows for quality control monitoring at an early stage in the process.  Each lot costs $120,000. One or more lots of wafers are purchased from the semiconductor company and then all 24 wafers are delivered to Lawrence Berkeley National Laboratory (LBNL) for thinning and processing.  The main cost of the CCDs is the processing at LBNL.  After a three month startup for a given processing run, LBNL processes the wafers at a rate of five per month. The procurement strategy is to order two more lots of wafers and process/package the first five wafers in each lot in fiscal year 2007.  With this plan, a reasonable estimate of the yield for the minimum four lots required to build the focal plane can be obtained at an early stage in the project.  If the yield is low, a fifth lot can be ordered with the already specified contingency of the project.  There are numerous tests of the wafers and CCDs at all stages—at the semiconductor company, at LBNL, and at Fermilab, which will be used to monitor the risks and adjust to the measured yields.

Procurement for the optical lenses will be accomplished, as an in-kind contribution, by the collaborators at University College London, who have extensive experience with this category of procurements.  Preliminary cost and delivery estimates have already been obtained from the vendors in this specialized field, and feasibility of procurement has been considered in the optical design decisions.
5.1 Acquisition and Contract Types
The DECam Project requires the procurement of a wide variety of components.  The IPT reviewed and evaluated the feasible acquisition alternatives, taking into account Fermilab’s extensive in-house capabilities and the capabilities of the participating institutions.  The primary source of materials for this project will be commercial vendors vying for purchase orders under competitive conditions.  Several components will be provided by universities and other research institutions.  The scope and procedures will be described in Memoranda of Understanding (MOU’s) developed by the project, and funding will be provided incrementally on a yearly basis.  Ultimate technical, schedule, and cost will be controlled by the project team.  Labor will come from universities, foreign institutions, and Fermilab staffs.  Davis Bacon Act requirements will be applied appropriately.

All of the DOE TPC will be managed by Fermilab.  Approximately two major procurements, each of which are currently estimated at greater than one million dollars, have been identified as critical to the project because there are limited commercial sources due to the technical nature of the items.  While there are limited sources, each of the sources has historically been reliable and has produced technical components for major astronomy projects, e.g., the SNAP project (for the CCD wafers) and the Large Binocular Telescope, Canada-France-Hawaii Telescope, and Sloan Digital Sky Survey (for the lenses).  Most of the other procurements are either for commercially available items or are for items that include commercially available items.  To reduce risks, orders may be split between multiple vendors to ensure adequate source of supply.  The risks associated with these procurements are considered to be small.  The Fermilab Project Manager will initiate requests for each Fermilab procurement action to be executed for the project.  The Fermilab contracting officer will make the final decision on the justification of sole source procurements at Fermilab.  It is anticipated that Fermilab will issue fixed-price contracts for work to be performed.

5.2 Incentive Approach/Linkage to Performance Metrics
Contract incentives are not planned, but may be used if project management believes they are essential to keep the project on schedule.  Incentives, if used, will include specific performance measures to assure that the desired outcome is achieved.  Fermilab’s contract with the DOE is a performance-based contract with fee-bearing measures related to project performance.

5.3 Competition
All actions will be competitive and fixed-price procurements unless specifically authorized by the project manager and will be in accordance with the DOE-approved Fermilab procurement policies and procedures.

6.  Management Structure and Approach
6.1 IPT Structure
The following members of the initial DECam Integrated Project Team participated in the writing of the Acquisition Strategy.  

· Kathleen R. Turner, DOE OHEP Program Manager*

· Joanna M. Livengood, DOE Fermi Site Office Manager

· Paul R. Philp, DOE DECam Project Director, IPT Lead*

· Dennis L. Wilson, FSO Business Manager**

· Jonathan P. Cooper, FSO ES&H Lead

· John Peoples, DES Project Director

· Brenna Flaugher, DECam Project Manager*

· Joseph P. Collins, Fermilab Procurement 

*Served as primary authors of the Acquisition Strategy.

**Warranted contracting officers within the Fermi Site Office.

As the project progresses, membership of the IPT will change as needed.

6.2 Approach to EVMS
An Earned Value Management System meeting the criteria of chapter 12 of Manual 413.3-1 will be implemented and maintained throughout the project.  The basic Work Breakdown structure has been established and can be found in the Project Execution Plan (PEP).  The resource-loaded schedule has been developed and inserted in the OpenPlan scheduling software.  The OpenPlan and COBRA earned-value software will be used as tools to monitor project performance.

The Change Control process will be documented in the (PEP) as part of CD-2.  The project baselines and control levels are defined in a hierarchical manner that provides change control authority at the appropriate level.  The highest level of baseline change control authority is defined as level 0.  Changes at Level 0 are approved by DOE Deputy Secretary.  Changes below Level 0 are approved as follows:  Level 1 – Acquisition Executive (Associate Director, Office of High Energy Physics); Level 2 – DOE DECam Project Director; and Level 3 – Fermilab as specified in the Project Management Plan (PMP).

The DOE DECam Project Director will provide quarterly reports on the DECam Project to HQ and monthly updates to the Project Assessment and Reporting System (PARS).  Monitoring of the DECam Project will occur through established mechanisms among project participants.  Reviews of the project status will be conducted by the Director of High Energy Physics approximately semiannually.  Fermilab will provide formal monthly reports to the DOE DECam Project Director.  The requirements of the monthly reports will be included in the DECam Project PMP.

6.3 Interdependencies and Interfaces
The DECam Project will involve interfaces between Fermilab, other national laboratories, U.S. universities, U.S. and foreign research institutions, and industry in the procurement and installation of the camera elements.  The prime contractor of Fermilab can most effectively manage the procurement and installation coordination of the project elements to reduce the interdependencies and interfaces risk to a low level.  These interfaces are very similar to those of other detector projects undertaken by Fermilab in the past, e.g., the Run IIa and IIb CDF and D-Zero Projects and the NuMI/MINOS Project.  In addition, the design and execution of this project will need to be closely coordinated with the design and execution of the other DES projects.  This coordination will be the responsibility of the DES Project Director and will be overseen by a Joint Oversight Group.

Fermilab uses a project management group (PMG) to handle interfacing between a project that it is conducting and the rest of the laboratory.  The DECam Project Manager, the DES Project Director, the affected division heads, members of the laboratory directorate, and the DOE DECam Project Director will participate in the PMGs.  The purpose of the PMG is to provide oversight and enable efficient execution of the DECam Project by fostering appropriate communication between the Fermilab sections, DES/DECam project management, and the DOE. 

Coordination with the collaborator’s universities or research institutions will be the responsibility of the DECam project management through the utilization of purchase orders and MOU’s.
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