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1 Introduction

The Dark Energy Survey (DES) requires the Blanco telescope, with modest improvements; the Dark Energy Camera (DECam), the new survey instrument; and the Data Management System. Each of these is treated as a project and each project is carried out under the oversight and direction of one of the principal DES Collaboration institutions in accordance with their project management practices. In each case, members of the DES Collaboration will be contributing to all of these projects.  

This document describes the Project Management Plan (PMP) for the DECam Project to build the new survey instrument required by DES. The Fermi National Accelerator Laboratory (Fermilab) in Batavia, Illinois and the Dark Energy Survey (DES) collaboration will follow this plan to meet the technical, cost, and schedule objectives of the DECam Project that are described in the Project Execution Plan (PEP). Section 5 of this document describes the relationship between the DECam and the DES Collaboration. 

The DECam project will build the survey instrument, DECam, and then deliver it to the Cerro Tololo Inter-American Observatory (CTIO).  It will be designed, built, and tested at Fermilab and the collaborating institutions of DES, with the major part of the work occurring at Fermilab.  Fermilab is a U.S. Department of Energy (DOE) Laboratory operated by the Universities Research Association, Inc. (URA). CTIO is located in La Serena, Chile, and is a division of the National Optical Astronomy Observatory (NOAO), which is operated by the Association of Universities for Research in Astronomy (AURA). DECam will be mounted on the Blanco 4m telescope at CTIO following the completion of the DECam Project and it will be operated by CTIO during the survey phase of DES. 

DOE, Fermilab and the Collaboration will work together to accomplish the DECam Project. This PMP sets forth the plans, organization and management systems that will be used by Fermilab for the DECam project. This PMP is complemented by a Project Execution Plan (PEP). The PEP establishes the DOE DECam Project Management structure and describes the technical, cost, and schedule objectives of the DECam Project. The PEP contains the highest level control. The overall project management of DOE funds will be in conformance with applicable DOE orders and established management practices at Fermilab.

1.1 Approval and Revision

The PMP is prepared by the DECam Project Manager and approved by the Fermilab Associate Director of Research.  The DECam Project Manager shall review the PMP at least annually and revise it as necessary to update the document and reflect project development. Revisions to the PMP that incorporate baseline change actions are considered to be approved by virtue of the corresponding baseline change. Revisions to this PMP that are not connected with baseline changes will be approved by the Federal Project Director.

2 Project Objectives and Performance Criteria

2.1 Project Description 

The collaboration proposes to build a new 3 sq. deg. instrument (DECam) to be mounted at the prime focus of the Blanco 4m telescope at CTIO. The DES and DECam were proposed in response to an NOAO Announcement of Opportunity, which offered 30% of the Blanco observing time over a period of 5 years, in exchange for the delivery of a new instrument that can also be used by the astronomical community during the remaining 70% of the time. DECam includes a large mosaic camera, a five element optical corrector, four filters (g,r,i,z), and the associated infrastructure for operation in the prime focus cage. The focal plane consists of 62 2K x 4K CCD modules (0.27arcsecond/pixel) arranged in a hexagon inscribed within the 2.2 deg. diameter field of view. The project plans to use the 250 micron thick fully-depleted CCDs that have been developed at the Lawrence Berkeley National Laboratory (LBNL) in order to obtain the best available quantum efficiency at near-infrared wavelengths.  The CCDs will be acquired from a commercial vendor through LBNL.  

2.2 Scientific Objectives

The DES is aimed at measuring the dark energy equation of state parameter, w, to a statistical precision of ~5%, with four complementary techniques.  This precision will improve the present knowledge of these parameters by a factor of 10, and the measurements should be a factor of 5 better than the measurements currently underway that will be completed at the time the DES observations are scheduled to begin.

The survey data, which will be obtained through multiple observations of 5000 square degrees of the Southern Galactic Cap, will allow the collaboration to obtain precise measurement of the dark energy equation of state and the other parameters of the standard model of cosmology through measurements of galaxy cluster counting, weak lensing tomography, and baryon acoustic oscillations.  In addition, the collaboration plans to observe 40 square degrees of this area of the sky every few days in order to collect a large sample of Type Ia supernovae light curves, which will provide an accurate measure of the supernovae luminosity distances. The DES survey footprint was chosen to overlap the footprint of the South Pole Telescope (SPT) survey of galaxy clusters, which will be detected by the Sunyaev-Zel’dovich effect.  Combining cluster mass measurements from DES with those from the SPT will provide tight constraints on systematic uncertainties. The four techniques have different dependence on cosmological parameters and different sensitivity to experimental systematics.  Having the 4 different measurements should enable us to begin to distinguish among different types of explanation for dark energy – something which is not possible with the current state of experimental measurements.

DECam’s planned measurements and expected sensitivity are detailed in the white papers that were submitted to the Dark Energy Task Force in June 2005 and Sept. 2005
 and in the project’s Conceptual Design Report
.

2.3 Technical Requirements and Objectives

The technical requirements of DECam flow from the scientific objectives and guide the design of the camera. These are described in detail in the DES Science Requirements and Technical Specifications Document
. A set of acceptance tests derived from these requirements will be used to establish successful completion of the DECam project. Milestones are incorporated throughout the DECAM project to measure the progress and success in meeting these goals as part of the Project Baseline. Meeting each subsystem’s objectives is the responsibility of the corresponding Subsystem (Level 2) Manager. Ensuring that the project as a whole meets the technical requirements of the DECam project is the responsibility of the Project Manager.

Table 2.1 summarizes the major technical objectives of the project.

	Technical  Goal
	Detector Parameter
	Technical Requirement

	Completion of a 5000 sq. deg. survey of the Southern Galactic Cap in 525 nights to a depth to 24th magnitude
	Imaging area,  detector sensitivity (QE), efficient  operations
	3 sq. deg. image area

CCDs with QE> 50 % in z band

CCD readout < 20 sec

 Noise<10e-

efficient survey plan



	Measure photometric red shifts for red galaxies with a precision of better than 0.03 for redshifts between 0.2 and 1.0
	A set of filters with bandpasses  optimized for photometric measurements in redshifts between 0.2 and 1.0
	g,r,i,z filters similar to the SDSS filter set 

	The instrument plus telescope should deliver images no worse than 0.55’’ for zenith-corrected images in the r, i, and z bands.
	Optical design of the corrector elements, alignment, focus and guiding systems and the pixel scale of the CCDs
	A five element fused silica corrector with  2 aspheric surfaces

A pixel size of 15 microns

CCD diffusion <7 microns

Focus to 2.5 microns

Guide signals at 1Hz

Lateral Alignment to 50 microns 

	Completion of a 40 sq. deg. Survey imaged nightly during DES observations, to observe Type Ia supernovae and measure their lightcurves photometrically
	Imaging area, exposure time, detector sensitivity (QE), noise in CCDs, image quality
	3 sq deg image area

CCDs with QE > 50% in z band

Noise < 10 e-




Table 2‑1  Technical goals of the DECAM Project.

The Level 2 milestones which describe the project’s schedule objectives are shown in Table 2.2. These and other performance objectives for the DECAM detector are discussed in greater detail in the Conceptual Design Report2.

	Level 2 Milestones for the DECAM Project
	Best Estimate
	Base
	Contingency

	L2 - CCD readout review - go ahead for V2
	3/2/07
	6/30/07
	 16.8 wks

	L2 - Corrector Element Polishing Contract Awarded
	5/18/07
	9/15/07
	 16 wks

	L2 - CCD Processing and Packaging (v2) Review Complete
	9/5/07
	1/3/08
	 15 wks

	L2 - Design Review of Camera and Cooling Complete
	12/21/07
	4/19/08
	 15 wks

	L2 - Production Electronics Review Complete
	2/26/08
	6/25/08
	 16.8 wks

	L2 - Ready To Install Cells On Lenses at UCL
	5/13/08
	9/10/08
	 16.2 wks

	L2 - 30 production wafers delivered to FNAL
	7/22/08
	11/19/08
	 16.8 wks

	L2 - Barrel and C5 Cell Arrive At UCL From Fermilab
	12/15/08
	4/14/09
	 15.2 wks

	L2 - Final CCDs at FNAL
	1/19/09
	5/19/09
	 17.2 wks

	L2 - Final SISPI Software Testing Complete
	3/10/09
	7/8/09
	 16.8 wks

	L2 -  Production CCD testing complete
	4/9/09
	8/7/09
	 16.8 wks

	L2 - DES Front End Electronic Production Complete
	5/26/09
	9/23/09
	 16.6 wks

	L2 - Camera testing complete
	9/9/09
	12/8/09
	 12.4 wks

	L2 - Corrector Alignment and Testing Complete
	10/7/09
	2/4/10
	 16.8 wks

	L2 - Survey Strategy Complete
	11/20/09
	3/22/10
	 16.8 wks

	L2 - Acceptance Testing Ready To Begin
	1/29/10
	4/29/10
	 12.8 wks

	L2 - Acceptance Testing Complete
	3/12/10
	7/10/10
	 17 wks


Table 2‑2  Level 2 milestones for the DECam project

3 Project Structure and WBS Dictionary

3.1 Work Breakdown Structure (WBS) Overview

The Work Breakdown Structure (WBS) for construction of DECAM is outlined schematically in Figure 1. The project WBS and management structure parallels the project budget structure.
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Figure 1: Overview of DECAM Work Breakdown Structure, to Level 2

3.2 WBS Dictionary

	WBS
	Title
	Description

	1.0
	DECAM
	Design and construct DECAM

	1.1
	Management
	Management support, (e.g. financial and budget)  travel, workshops

	1.2
	Focal Plane Detectors
	CCDs, CCD Packaging, testing and characterization

	1.3
	Front End Electronics
	Electronics to readout the Focal Plane

	1.4
	Optics
	Design, procurement  and assembly of the optical corrector

	1.5
	Opto-Mechanical System
	Mechanical components: Barrel, Camera Vessel, Cooling

	1.6
	Survey Image System Process Integration (SISPI)
	Software programs and hardware for the acquisition of images

	1.7
	Survey Planning
	Development and simulation of survey data and the observing plan

	1.8
	CTIO Integration
	CTIO integration with DECam and shipping management


Table 3‑1: DECAM Level-2 WBS Dictionary

4 Project Management Structure

Figure 2 shows the organization of the DECam project within Fermilab. Below we describe the roles of each of the components.
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Figure 2
  Fermilab DECam Organization Chart

4.1 The Fermilab Director

The Fermilab Director is responsible to URA and DOE for the successful completion of the DECam Project.  The Fermilab Director is ultimately responsible for ensuring that the project is carried out in a safe and environmentally responsible manner. Only the Fermilab Director is authorized to commit funds appropriated for Laboratory use.  The Fermilab Director has delegated some aspects of the DECam responsibilities, including the appointment of the DECam Project manager, to the Fermilab Associate Director of Research.

4.2 Fermilab Associate Director for Research

The Associate Director for Research (ADR) appoints a Project Management Group for the DECam project. With the advice of the DECam Project Management Group, the ADR approves or concurs with the DECam CDR, the PMP and the cost estimate, schedule, and scope of the Project.  To implement the work plan for the Project, DECam Memoranda of Understanding are executed with collaborating institutions.  The ADR, on behalf of the Director, signs the DECam Institutional Memoranda of Understanding related to the Project. The ADR has designated the Particle Physics Division (PPD) as the host division for the DECam Project.  The ADR or designee chairs the DECam Project Management Group (PMG) meetings and appoints the DECam Project Manager in consultation with the DES Management Committee (MC).

4.3 DOE Fermi Site Office

The head of the DOE Fermi Site office appoints a Federal Project Director for DECam.  The Federal Project Director writes the DECam PEP, the DECam Acquisition Strategy and is a member of the Project Management Group.  

4.4 DECAM Project Management Group

The Associate Director for Research (ADR) chairs the DECam PMG, which meets as required, ordinarily monthly, to monitor the progress of the project.  The meetings are attended by those who have responsibility for the Project and by those who have authority to redirect resources within the Laboratory and the Collaboration.  The group normally consists of the DES Project Director, the DECam Project Manager and Deputy Project Managers, the Head of the Particle Physics Division, the Head of the Computing Division and other representatives of Fermilab and DECam as appropriate. The PMG also serves as the Change Control Board (CCB) for the project.

Issues requiring consideration are brought to the attention of the PMG by the DECam Project Manager or the DES Project Director, depending on the nature of the proposed change. For the purpose of their deliberations, the PMG may organize any reviews they deem necessary. Once the CCB has examined the request for change, a recommendation for appropriate actions is made to the Project Manager.  Records of their decisions will be maintained in the DECam Document Database and changes to the Project will be tracked in the accounting system.

4.5 Fermilab Divisions & Sections

4.5.1 Particle Physics Division Head

As the host division for the DECam Project, PPD provides the majority of the resources and home for the DECam Project management.   In addition to the host role, the PPD Head provides oversight for PPD financial resources, human resources, technical resources, space resources, and Environmental, Safety, and Health (ES&H) monitoring for the Project.

The PPD Head or a designee is a member of the Project Management Group.  The PPD Head advises the ADR on approval of DECam Memoranda of Understanding and on approval of the PMP and concurs in these approvals.  On guidance from the Director, the PPD Head allocates yearly budgets to the Project. These project funds are then administered by the Project Manager, according to the responsibilities described below, within the context of PPD procedures and policies and with the support of the PPD budget office.

The PPD is the primary source of Fermilab manpower and technical resources for the construction of DECam.   The PPD also provides support for the project through the participation of scientists in the division.

4.5.2 Computing Division Head

The Computing Division (CD) Head or a designee is a member of the Project Management Group.  The CD Head advises the ADR on approval of DECam Memoranda of Understanding and on approval of the PMP and concurs in these approvals.  

The CD provides support for the project through the participation of scientists in the division. The CD also provides support to the project through CD technical resource groups, in accordance with specific work plans or DECam Memoranda of Understanding.  

4.5.3 Business Services Section Head

Business Services provides support for procurement, financial transactions, and accounting activities necessary to accomplish projects. The Head of Business Services and the Head of the Procurement Department of Business Services will work with DECam Management to accomplish procurements on schedule and to meet technical specifications.

4.6 DECam  Project Management Roles

4.6.1 DECam Project Manager

The Project Manager is appointed by the Fermilab Associate Director for Research.  The DECam Project Manager (PM) is responsible for the execution of the DECam Project. The DECam PM develops and maintains the Project Management Plan; participates in the development of and updates to the Memoranda of Understanding (MOU) between Fermilab and the collaborating institutions; and directs the activities of subsystem managers. 

The DECam PM works with representatives of the divisions and sections at Fermilab to obtain Laboratory resources for the project as authorized by the Fermilab Directorate.  This may include the development of additional MOUs between the Project and specific Fermilab divisions or sections.

The PM assigns responsibilities and resources to the Subsystem Managers. The progress of these assignments is monitored through monthly status reports generated by the Subsystem Managers, by means of regular Subsystem Managers meetings, and through daily communications.  The DECam PM is responsible for developing, maintaining, and tracking the schedule for the project, which will include a complete list of milestones to facilitate monitoring the progress of the project.  The DECam PM provides monthly reports summarizing the progress of the Project to the Fermilab Director and the Federal Project Director.

The PM may appoint Deputy Project Managers and delegate responsibilities to them in accordance with this plan.

4.6.2 DECam Project Management Deputies

The Deputy Project Managers (DPM) will assist the DECam PM in all matters relating to the DECam Project, including the planning, procurement, disposition and accounting of resources, progress reports on project activities, ES&H issues, and Risk Management.  The DECam project has two Deputy project managers. The Fermilab DPM focuses primarily on activities at Fermilab.  The CTIO DPM focuses on the coordination and integration of DECam with CTIO. In the absence of the Project Manager, the Fermilab DPM assumes the project management responsibilities.  Both DPMs review Memoranda of Understanding and other project documentation, advising the Project Manager on risk management, ES&H, or other relevant issues.

Fermilab Deputy Project Manager

The Fermilab DPM prepares and maintains the project risk management documentation, as discussed in Section 8.2.  This includes performing the risk matrix calculations and providing them for the monthly report.  

The Fermilab DPM supports the Project Manager in the preparation and revision of the PMP and other project documentation and with the organization of materials for internal and external reviews of the project.  The Fermilab DPM works with the ES&H Coordinator in the compilation of relevant safety documentation for the project

CTIO Deputy Project Manager

The CTIO DPM serves as the primary point of contact between the DECam project manager and CTIO.  The CTIO DPM will work with the DECam project manger, the Level 2 subsystem managers and the CTIO director or designee to prepare the documents that detail the interactions between CTIO and the DECam project.  These documents are described in the MOU between NOAO, FNAL and NCSA and are listed below:

a) The DECam Integration Plan that defines the interfaces between the Blanco Telescope, including all Observatory systems that are needed to carry out the DES, and DECam, including all off-telescope systems provided by the Collaboration as part of DECam.  

b) DECam Installation Plan that will define and document the procedures for the initial installation of DECam on the Blanco Telescope and the connection of DECam to the Observatory utilities.  

c) DECam Operations and Maintenance plan that will define and document the procedures for servicing DECam. The plan will include a description of the support of the off-prime-focus-cage equipment and services provided by CTIO. It will define the DECam spares and the maintenance support of DECam that will be provided by the Collaboration. 

4.6.3 DECam Project Scientist

The DECam project scientist is responsible for translating the DES scientific objectives into technical requirements and specifications for the DECam project. The DES scientific objectives are captured in the DES Science Requirements and Technical Specifications Document.3 The project scientist is responsible for the scientific content of this document and works with the DECam PM and DPMs to establish the technical specifications in this document. The DECam Project Scientist reviews all requests for changes to the DECam science requirements and technical specifications with the DECam project manager. These will also be brought to the attention of the DES Management Committee for consideration by the DES Project Director and the DECam PMG to ensure that the scope of the project is controlled at the highest level in the project. Requests for changes recommended by the DECam PMG and the Project Director will be acted on in accordance with Section 6, Project Controls System, of the DECam PMP. 

 The Project Scientist is responsible for working with the DECam PM and the CTIO DPM in devising tests to ensure that DECam is constructed to meet technical specifications and furthermore, that it meets the requirements described in the DECAM Integration, Installation and Operations and Maintenance Plans.  The complete set of tests are captured in the acceptance tests document that will define successful completion of the DECam project. 

4.6.4 DECam Project Mechanical Integration Coordinator (MIC)

The DECam Project Mechanical Integration Coordinator (MIC) is the engineer and Level 2 manager responsible for the mechanical aspects of the design and fabrication phases of the project.  The MIC is directly responsible to the DECam PM and receives input from the DPM and Level 3 Subsystem Managers.  The MIC works in cooperation with DECam project management, the EIC and with the DECam ES&H Coordinator to implement Fermilab’s policy of Integrated Safety Management (ISM) in the project and resolve any ES&H issues that may arise.

4.6.5 DECam Project Electrical Integration Coordinator (EIC)

The DECam Project Electrical Integration Coordinator (EIC) is the engineer and Level 2 manager responsible for the electrical aspects of the design and fabrication phases of the project.  The Project Electrical Integration Coordinator is directly responsible to the DECam Project Manager and receives input from the DPM and Level 3 Subsystem Managers.  The EIC works in cooperation with DECam project management, the MIC, and with the DECam ES&H Coordinator to implement Fermilab’s policy of Integrated Safety Management (ISM) in the project and resolve any ES&H issues that may arise.

4.6.6 DECam Documentation Coordinator

DECam documentation is maintained within a document database, the DocDB document management system.
  The Documentation Coordinator is the administrator for the database.  The Documentation Coordinator also provides assistance in maintenance of the project web page and the CCD testing database.

4.7 Project Management Support

The DECam Project Office resides within the Particle Physics Division at Fermilab.  The project is supported by Fermilab staff as listed below with expertise in a variety of areas.  The support staff is appointed by the Particle Physics Division Head with concurrence of the Project Manager.  At the Project Manager’s discretion, multiple assignments may be held by a single person.

4.7.1 DECam ES&H Coordinator

The ES&H Coordinator addresses the administrative aspects of all ES&H work associated with the DECam Project work at Fermilab and reports to the DECam Project Manager.  The ES&H Coordinator compiles and maintains the DECam Hazard Assessment Document, Preliminary Safety Assessment Document (PSAD), and the DECam Safety Assessment Document (SAD).  The ES&H Coordinator plans and coordinates ES&H reviews of the project and assembles the associated documentation.  The ES&H Coordinator will review the ES&H plans for other sites where DECam work will occur.

4.7.2 DECam Scheduler

The DECam Scheduler maintains and updates the DECam Project cost and schedule plan and prepares the schedule information for monthly reports and scheduled reviews, submitting them to the DECam PM for approval and transmission.  The Scheduler also works with PM in identifying schedule issues in a proactive manner in order to track and report deviations from baseline schedules and costs as specified in Section 6.

4.7.3 DECam Budget Officer

The Budget Officer has the responsibility for preparing cost information for the monthly reports, submitting them to the PM for approval and transmission.  The Budget Officer monitors expenditures of DOE and other funds held in Fermilab accounts, tracks and reports deviations from baseline schedules and costs as specified in Section 6, and prepares the Project Accounting Task Structure.   The Budget Officer verifies costs in MOUs/SOWs, using COBRA for tracking earned value on a monthly basis and as needed for reports/reviews.  The Budget Officer tracks requisitions as needed and tracks monthly costs and obligations.

The Financial Management System (FMS) in use by Fermilab allows individual cost codes to be established, where necessary. The Budget Officer has the responsibility for establishing the proper cost codes. The FMS is also used to track and monitor such expenses as charge-backs from other Divisions/Sections, and other Fermilab related costs. At the successful completion of each project phase or WBS task, the Project Manager or designated representative is required to verify that work was performed and completed in accordance with acceptable standards before final payment is authorized by the Business Services Section.

4.8 DECam Subsystem Managers

The DECAM Subsystem WBS Organization is shown in Figure 1. Subsystem managers are responsible for bringing their subsystem into operation within the time and budget constraints imposed by the project schedule and goals.  They are also responsible for applying Integrated Safety Management principles into the planning for their subsystems and adhering to all applicable ES&H policies.

The primary responsibility of Subsystem managers is the planning and the coordination of the work for the subsystem. In close consultation with the Project Manager and Deputy Project Managers, they develop the work plan, schedule, and budget for their individual subsystems. They are in charge of implementing the plan and tracking its progress and use of resources. They coordinate the personnel allocated by the Project Manager, and optimize the use of facilities at their disposal. 

Subsystem managers must also coordinate with one another to ensure the success of the Project. Their subsystem must be documented in such a way as to facilitate its integration with the other subsystems. In addition, they are responsible for calling attention to technical and managerial problems and working within the Project management organization and the collaboration to find solutions.

As part of their responsibilities, Subsystem managers must provide the Project Manager, and DPM with monthly status reports. These reports will highlight both progress of their particular subsystem toward the project goals and difficulties encountered or anticipated. The report shall include a short discussion of technical management relevant to their responsibilities, and shall measure the progress of the subsystem effort against the specific milestones of the subproject. Furthermore, it shall give an accounting of the budgetary expenditures during the monthly period, highlighting items costing more or less than expected.

Subsystem Managers are assigned by the DECam Project Manager with the advice of the DES Project Director and could be specified as part of the institutional MOUs and SOWs.  The Project Manager may make additional management support appointments, such as Level 3 managers or subsystem coordinators, on an as-needed basis.

5 The Dark Energy Survey Collaboration Management

5.1 Dark Energy Survey Projects

As noted in Section 1, The Dark Energy Survey (DES) requires the Blanco telescope, with modest improvements; the Dark Energy Camera (DECam), the new survey instrument; and the Data Management System. Each of these is treated as a project and each project is carried out under the oversight and direction of one of the principal DES Collaboration institutions in accordance with their project management practices. In each case, members of the DES Collaboration will be contributing to all of these projects. The Collaboration requested this natural arrangement because it takes advantage of the unique strengths of Fermilab, NCSA and NOAO in building an instrument, developing a data management system and operating a large telescope and archive.  

The design, construction, and testing of DECam prior to its delivery to CTIO will be carried out under the direction of Fermilab in accordance with this PMP and DOE management procedures.  Final assembly and acceptance testing will occur at CTIO in accordance with this PMP and the CTIO Integration plan. 

The Blanco Telescope is operated by the Cerro Tololo Inter-American Observatory (CTIO) and the improvements to the Blanco will be managed and overseen by the CTIO Director in accordance with the practices developed by NOAO. The integration of DECam with the Blanco and its subsequent operation will also be under the direction and oversight of the CTIO Director. 

The Data Management System will be developed and commissioned under the leadership of the National Center for Supercomputing Applications (NCSA) in partnership with NOAO Data Products Program. The work at the NCSA will be under the direction of its Director in accordance with NCSA practices. The description of the conceptual design of the Data Management System and the management of the Data Management Project is described in a separate document, which is in preparation.  

Joint oversight of the projects is the responsibility of the Directors of Fermilab, NCSA, and NOAO.  However, each project has been organized to provide close coordination with the others. This coordination is achieved through the DES Project Director as noted in section 5.3.  

5.2 Dark Energy Survey Collaboration

The Dark Energy Survey Collaboration is a collaboration of scientists from Fermilab, the University of Illinois at Urbana-Champaign, the University of Chicago, the Lawrence Berkeley National Laboratory, CTIO, University College London, University of Cambridge, University of Edinburgh, University of Portsmouth, Institut d'Estudis Espacials de Catalunya, Institut de Fisica d'Altes Energies, CIEMAT-Madrid, University of Michigan, and University of Sussex. The DES collaboration developed the scientific objectives for the DES and the concept for the DECam Project, which is described in the DECam CDR. The responsibilities of the Collaboration are specified in the DES Memorandum of Understanding (MOU) among the Directors of Fermilab, NCSA, and NOAO and the DES Project Director. The activities of the Collaboration are guided by the DES Management Committee.

5.3 DES Project Director and the Management Committee

The DES Project Director serves as the principal point of contact between the DES Collaboration and the Directors of Fermilab, NCSA, and NOAO and represents the Collaboration in interactions with these institutions. The Project Director provides much of the coordination among the three major collaboration efforts: the DECam Project, the Data Management System Project, and the Blanco integration and improvement project. As shown in Figure 3, the collaboration communicates with the DECam project, Data Management System, and CTIO through the DES Project Director, the DECam Project Manager, the Data Management System Leader, and the CTIO Director. All are members of the DES Management Committee. 
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Figure 3  Lines of Communication for the Dark Energy Survey Organization

It is important to note that figure shows lines of communication; not lines of authority and responsibility. 
Overall responsibility for carrying out the DES is vested in the DES Project Director. These responsibilities include the preparation of the Observing Plan, including calibration observations, the coordination of survey observations made by the Collaboration with DECam, including the commissioning of the DECam instrument, the delivery of raw and processed data to NOAO, and the analysis of data and publication of scientific results from those data. The DES Project Director is advised by the DES Management Committee on all matters relevant to the DES. 

5.4 Institutional Commitments to the DECam project

The contributions of each institution to the DECam Project will be defined in separate multi-year DECam MOUs with Fermilab. Each DECam MOU is supplemented by yearly Statements of Work (SOW) that specify the funding and commitments for the next Fiscal Year, the in-kind contributions of the institution to the DECam project, the resources provided by Fermilab to the institution, the responsibilities of key personnel from Fermilab and the institution, as well as the schedule and milestones for completion of the tasks.  The DECam Project Manager is responsible for coordinating the collaboration resources assigned to the DECam Project through these MOUs and SOWs. The DES Project Director also advises the Project Manager in the selection of subsystem managers and other leadership positions that may be included in the DECam MOUs and SOWs. The DECam MOUs and SOWs are further described in Section 6.1.  

As outlined in the DECam MOUs, it is intended that the collaborating institution cover the full cost of the components that are identified as in-kind contributions.  Contingency has been incorporated into each institutional proposal to cover the possibility of cost overruns.  Proposed changes to the in-kind deliverables will be reviewed by the DES Project Director in consultation with the DECam Project Scientist and the DECam Project manager.  The DECam Project Scientist will evaluate the impact of the changes on the DES science requirements and technical specification and submit a report to the DES Project Director and the DES Project Manager for review. If the technical specifications, the baseline cost or key schedule milestones of the DECam project are affected, it will be brought to the attention of the PMG and the Change Control Board for action and the institutional DECam MOU will be revised to account for the changes.

6 Project Controls System

This section details the procedures and tools to be adopted by the project management to create an accountable, traceable and flexible management plan. These systems enhance the ability of the DES Project Director, the DECam Project Manager, DECam Deputy Project Managers, Fermilab, and funding agencies to monitor the technical and financial progress of the project. The DECam Project Manager is responsible for implementation and use of the procedures and tools described below.

6.1 Memoranda of Understanding

The formal documents that describe the work of the collaborating institutions on the DECam Project are the Memoranda of Understanding (MOU) between them and Fermilab. An MOU is a general agreement that describes the overall objectives and scope of work to be performed. It is an expression of intent, subject to revision, not a legal contract. A scope of work and resource commitment will be established and described in the MOU for each collaborating institution. Each MOU will be signed by:

· The Fermilab Director or his designee;

· The Fermilab Particle Physics Division Head;

· The DES Project Director;

· The DECam Project Manager (or a Deputy Project Manager in the absence of the PM);

· The Level 2 Manager(s) of the relevant subsystem(s);

· The Institutional Representative from the collaborating institution;

· An appropriate administrative officer from the collaborating institution.

The negotiation of an MOU is based on the following principles:

· The agreement should utilize the expertise and facilities of the collaborators in such a way as to efficiently meet the technical, cost and schedule goals of the DECam Project.

· The MOU should ensure that all parties clearly understand their scope of work and have a clear commitment to deliver it on budget and on the schedule required by the MOU. 

· The MOU should clearly establish cost, schedule, and deliverables and be consistent with the baseline technical information as specified in the PMP. 

· Contingency on cost and schedule will be clearly identified.

· Common fund contributions, where applicable, will be identified.

· The MOU should establish reporting requirements for technical, cost and schedule information. 

· The MOU will fully describe the method of funding and staffing for work to be undertaken. 

· The MOU delegates certain responsibilities for management and related activities as appropriate to each participating institution. 

· The MOU will be updated as appropriate, generally through addenda.

6.2 Project Execution Plan

In consultation with Fermilab and funding agencies, the Integrated Project Management team has assembled a Project Execution Plan (PEP). The plan will include Total Estimated Cost (TEC) and resource-loaded schedules for the Project as a whole and each of its WBS elements, establish technical milestones to measure their progress to successful completion and define thresholds for triggering different levels of Change Control Review.

Subsequent changes to the project scope, cost, or schedule exceeding thresholds to be defined in the PEP will be traceable, made in accordance with the Change Control procedures described in Section 6.5, and documented as described in Section 6.6.

6.3 Cost Tracking

A project accounting system will be created and maintained by the Project Manager, Deputy Project Manager, and Fermilab. Updates to this system will be made at least monthly by the Subsystem Managers. The Subsystem Managers are responsible for monitoring, controlling, reporting, and correcting problems with the spending for their respective subtasks. Equipment spending for each subtask will be reviewed monthly by the Project Managers and the individual Subsystem Managers. Together they will initiate any appropriate corrective actions. Should the difficulties encountered exceed the thresholds to be delineated in the Project Baseline, the Change Control Process described in Section 6.5 must be initiated by the Project Manager.

6.4 Contingency Allocation

The project contingency is defined as the difference between the original project Total Estimated Cost (TEC) and the current Budget At Completion (BAC). The actual allocation of contingency is reflected in the BAC and all changes will be traceable.

The allocation of contingency from DOE funds is approved in accordance with Table 6‑1.  Subsystem managers are responsible for requesting the use of contingency funds from the Project Manager as soon as the need for such funds is discovered. These requirements will naturally arise during the monthly reviews of expenditures for each subtask. Funds not used in a subsystem are returned to the contingency.

A contingency allowance is included in the institutional in-kind contributions to DECam. Allocation of this contingency will be authorized by the institutional representative and the DES project Director in consultation with the DECam project manager. The allocation of these contingency funds will be recorded in the appropriate institutional MOU (or MOUs).

6.5 Change Controls

Any change to the project that alters the technical or scientific objectives as defined in Section 2, or results in cost variations, changes of personnel assignments, or schedule impact are considered changes to the project plan that may require authorization to implement.

6.5.1 Change Control Procedures

Formal change control procedures are used to track technical, schedule, and cost changes in the Project.  Each such change requires the preparation of a Project Change Request (PCR) form. Approval thresholds are described in Section 6.5.5. Each PCR will be reviewed by the DECam Project Manager. The DECam PMG will function as a Level 3 Change Control Board for the project, chaired by the DECam Project Manager, with additional personnel from the DECam collaboration or Fermilab staff as needed.  The DECam Project Manager will maintain current records of all Change Requests and their disposition.

6.5.2 Technical Change Control Levels

Minor technical changes consistent with the baseline technical design and affecting just one subproject may be approved by the Subproject Manager.

Technical changes that affect more than one subproject but that do not diminish performance must be approved by the Project Manager. 

Technical changes that affect ES&H requirements or changes in scope that affect physics capabilities require a Change Request to be submitted for consideration by the DECam PMG and approved by the Fermilab Associate Director for Research.

Major technical changes that are a significant departure from the baseline technical design must be approved by the Federal Project Director. 

6.5.3 Schedule Change Control Levels

Changes that result in the delay of a Level 3 milestone by more than two weeks must be approved by the Project Manager.

Changes that result in the delay of Level 3 milestones by 3 months or more require a Change Request be submitted for consideration by the DECam PMG and approved by the Fermilab Associate Director for Research.  The response to such a Change Request may be to initiate a plan to reallocate resources to recover the schedule or rescheduling of the milestone.

Any change that delays a Level 2 milestone must be approved by the FPD.

6.5.4 Cost Change Control Levels

Any use of contingency must be approved by the Project Manager.  Any use of  DOE contingency that would take the contingency as a percentage of the DOE MIE ETC below 25-30% (TBD) requires a Project Change Request to be submitted for approval by the PMG and the Fermilab Associate Director for Research.

6.5.5 Change Control Summary

Table 6‑1 summarizes the Fermilab change control thresholds and responsibilities

	Change Control Approval Thresholds for DECam

	
	Level 1
	Level 2
	Level 3
	Level 4

	Authority
	Acquisition Executive / 

SC – Associate Director
	Federal Project Director
	Fermilab Associate Director for Research
	Fermilab DECam Project Manager

	Technical
	Any change in scope that affects the mission need requirements
	N/A
	Any change that affects the technical performance or baseline, or ES&H requirements as defined in the PMP
	Any change in the scope as described in the Technical Design Report

	Cost
	Any increase in the DOE MIE 
	Any use of  DOE contingency that would take the contingency as a percentage of the DOE MIE ETC below 25-30% (TBD)
	Any use of  DOE contingency that would take the contingency as a percentage of the DOE MIE ETC below 25-30% (TBD)
	Any use of contingency

	Schedule
	Any change to level 1 milestones
	Any change to level 2 milestones
	Any change greater than 3 months to level 3 milestones
	Any change greater than 2 weeks to level 3 milestones


Table 6‑1  Change control levels for the DECam Project.

6.6 Reporting

The DECam Project provides reports on a monthly basis to Fermilab and DOE management.  The objective of the monthly reports is to collect and integrate essential information pertaining to the cost, schedule and performance of the project in order to aid the monitoring and management of it.  The monthly Project Report comprises information submitted to the Project Manager in reports by the WBS Level 2 managers and summarizes it in the context of the overall project status.  The Level 2 managers submit written reports to the Project Manager on a monthly basis.  These reports summarize the activities of the previous month, describe activities planned for the upcoming month, and include comments and concerns.

6.7 Reviews

The DECam Project will undergo a series of reviews to monitor the progress of the cost, schedule, technical aspects and safety of the project.

6.7.1 DOE Reviews

The DOE Office of Science will conduct reviews of the DECam project as outlined in DOE Order 413.3 M as part of the critical decision process and to tracking progress of the DECam project.

6.7.2 Director’s Reviews

The Directors of Fermilab, NOAO and NCSA will jointly or individually periodically appoint a committee to conduct reviews of the DECam Project to monitor its progress.  Director’s Reviews are held at the Directors’ discretion, typically on an annual basis

6.7.3 Level 2 Technical Reviews

Each Level 2 subsystem will undergo technical reviews to help optimize the design and cost of the subsystem, as well as to coordinate its schedule with those of the other subsystems.  A committee appointed by the Project Manager and Project Director, comprising members of the DECam Collaboration and experts from Fermilab and other institutions, review each subsystem at least once, with additional reviews at the discretion of the Project Manager.  The review committee submits a written report to the Project Manager and Project Director, who act upon the committee’s findings as necessary.

6.7.4 Level 2 ES&H Reviews

The PPD division head will require a review of each Level 2 Subsystem to ensure compliance with applicable Fermilab ES&H requirements. These reviews may be aggregated into the reviews of the whole project. Additional ES&H reviews may be scheduled at the Project Manager’s discretion.  The standard ES&H standing committees of the Particle Physics Division will serve as the reviewers for the project and its subsystems, according to standard procedures in the Division. The Project Manager will address any findings of noncompliance with ES&H requirements and inform the Division Head in writing of the resolution of those findings.

Prior to operating equipment or performing work on DECam subsystems at Fermilab, the PPD ES&H Committees will conduct an Operational Readiness Review or partial Operational Readiness Review as applicable, in accordance with the PPD Operating Manual.

7 Environment, Safety and Health

The design and construction of DECam at Fermilab will be performed in compliance with the standards in the Fermilab ES&H Manual, and all applicable ES&H standards in the Laboratory’s “Work Smart Standards” set. In addition, all related work, including work performed off-site, will be performed in compliance with applicable federal, state and local regulations and in compliance with the ES&H standards of the institution executing the work.  In particular, the commissioning and operation of DECam will take place off-site, at CTIO’s Blanco Telescope in Chile.  The commissioning and operation will be performed in accordance with the ES&H standards of  NOAO for its CTIO site.

7.1 ES&H Organizations 

The Fermilab Environment, Safety & Health (ES&H) Section provides ES&H support for all activities at Fermilab, including guidance on ES&H issues, environmental monitoring and safety assessments.  The Particle Physics Division ES&H and Building Management Department provides additional support for specific aspects of the experiment. 

7.1.1 ES&H Responsibilities of DECam Project Staff

Fermilab follows Integrated Safety Management. Each person involved in DECam work is responsible for following good ES&H practices in the course of his or her own work. However, in addition to these ordinary responsibilities, the DECam Project has an assigned ES&H Coordinator, who helps with the preparation of hazard analyses, ES&H reviews, and associated documentation.

7.2 ES&H Documentation

7.2.1 Environmental Considerations

Fermilab has implemented an Environmental Management System (EMS) as part of its Integrated ES&H Management Plan.  The EMS integrates environmental considerations into the planning and decision-making process at Fermilab, with the aim of evaluating the environmental impact of actions and mitigating any adverse effects.  Compliance with the National Environmental Protection Act (NEPA) is part of this system.  The DECam Project submitted an Environmental Evaluation Notification Form in June 2006, on the basis of which a Categorical Exclusion may be granted.

7.2.2 Safety Assessment Documentation

The project has prepared a preliminary Hazard Assessment document.
 This will serve as a basis for a Preliminary Safety Assessment Document (PSAD) for DECam.  The PSAD, in turn, will form the basis for a detailed DECam SAD, identifying and addressing DECam-specific ES&H issues. The SAD will be completed under the direction of the DECam ES&H Coordinator and reviewed as the various construction decisions relating to ES&H are made. 

8 Technical Considerations

8.1 Quality Assurance

All work on the DECam Project will be performed in compliance with the Quality Assurance program established by the Fermilab Director.
  DECam will develop a Quality Assurance Plan that describes how QA is implemented on the project.  All detector subsystems undergo reviews which address ES&H/QA aspects of the system.  Internal reviews, Director’s reviews and DOE reviews are an integral part of the Quality Assurance process for DECam.  

8.2 Risk Management

The DECam Project has adopted a standard risk management process
.  The DECam Project employs several tools to implement the risk management process.  These include, but are not limited to, project reviews, monthly reports and the DECam meeting.  This meeting is held biweekly and provides a forum for identification of risks and discussion of risk handling strategies.  Risk management documentation is maintained in the DECam document database, from which it is available to all of the affected project members and stakeholders.

8.3 Configuration Management

For the DECam Project, the Configuration Management Process includes specifications for parts ordered, documentation (typically in databases) of how various detector parts are put together with labeling and tracking of configuration and performance, and control of overall documents of configuration and specifications for the detector and the project.  The process is described in the DECam Configuation Management document.
 The DECam Project uses the DocDB document management system for control of configuration management documents.

8.4 Value Engineering

The DECam Project has implemented a design review system, in which each major subsystem is closely examined to obtain optimal value for the system, given the technical requirements and schedule constraints imposed on it.  These reviews are documented in the project’s document database, which uses the DocDB document management system.  Documentation and updates are thus available to the project management staff, subsystem managers and other project personnel.

Specific project notes on design modifications are maintained in an assigned Value Engineering category in the document database.  The database allows for easy access, review and updating by participants in the DECam Project.
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