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18  Cost, Schedule, and Scope
18.1  Performance Baseline
DOE 413.3 expects a performance baseline described in terms of key parameters on performance, scope, cost, and schedule.  This Technical Design Report describes these parameters and this chapter is simply a summary of the TDR information recast in the light of the DOE order [1].
In addition to this description of key parameters, the NOA Project Execution Plan contains a list of completion definitions for each Level 2 WBS element of the NOA Project.

18.1.1   Key Performance Parameters
The key scientific parameters for the NOA Project are contained in Chapter 4, Table 4.1 of this TDR and are satisfied by the project in four general areas described below.  The performance parameters are described as deliverables from the NOA Project, and the interface between these deliverables and operations of the constructed components is detailed here.
18.1.1.1  The Accelerator and NuMI Upgrades

The Figure of Merit for NOA requires a total of 36 x 1020 protons delivered to the NuMI target during a 6 year run.  This translates into an accelerator upgrade that shall be capable of 700 kW of beam at 120 GeV from the Main Injector and a NuMI beam line and target that shall be capable of accepting that much beam.  The NuMI target and horns must be in the medium energy configuration to provide the necessary neutrino beam for the NOA experiment.  The accelerator and NuMI upgrades described in Chapter 8 of this TDR satisfies these constraints.  
Chapter 8 in this TDR describes this upgrade in detail.  The deliverable for the NOA Project is an accelerator and NuMI complex capable of operating at 700 kW. The NOA Start-up Plan describes how the deliverable will be characterized as “capable” following component and systems checkout.  Commissioning the accelerator and beam line is not part of the project.
It should be noted that changes to the accelerator complex or NuMI beam line by the NOA project do not compromise the accelerator or NuMI performance from its current ~ 300 kW performance at any stage during construction except during accelerator shutdown periods.  

18.1.1.2  The Far Detector Building at Ash River


The use of the NuMI beam for NOA requires an accessible experimental hall at about 12 km off-axis at 810 km from Fermilab.  The hall shall hold a detector mass of at least 18 kt and shall have appropriate assembly areas for construction of the detector.  The hall shall have a cosmic ray shield of at least ten radiation lengths of material on the sides, top, and south end of the detector area.  The Ash River site and Far Detector Hall described in Chapter 9 of this TDR satisfy these constraints.  
Chapter 9 in this TDR describes the NOA Far Detector Hall in detail.  The deliverable for the NOA Project is a completed 3.6 mile access road off St. Louis County Road 129 and completion of the punch list on the Far Detector Hall following beneficial occupancy.   Operation and maintenance of the building following beneficial occupancy is not part of the NOA project.
18.1.1.3  The NOA Far Detector 

The Figure of Merit for NOA requires at least a 15 kiloton NOA Far Detector.  The detector shall have an electromagnetic energy resolution better than 8% at 2 GeV and an energy resolution for Quasi-Elastic  charged current events better than 4% at 2 GeV.  The detector described in Chapter 5 of this TDR satisfies these constraints.

Chapter 6 in this TDR analyzes the detector performance in detail and Chapters 10 through 17 discuss the details of the detector construction.  The deliverable for the NOA Project is a 15 kt detector in place and operating at Ash River with the performance described in this TDR.  
The NOA Start-up Plan describes in more detail how portions of the detector will meet performance as a deliverable.  The Far Detector must observe cosmic rays and observe at least one neutrino event within the NuMI spill gate in each Superblock.  This action requires protons delivered to the NuMI target but does not require the full performance of the NOA accelerator upgrade nor the medium energy target configuration.
Operations of the Far Detector during the six years of data taking are not part of the NOA Project.

18.1.1.4  The NOA Near Detector

Understanding of the NuMI beam before neutrino oscillations occur requires a NOA Near Detector positioned about one kilometer from the NuMI medium energy target at the same off-axis angle as Ash River (14.6 mrad).  The Near Detector fiducial volume shall be identical to the Far Detector in construction and segmentation.  The event containment portion of the Near Detector will have similar segmentation and construction but need not be identical to the Far Detector.  The NOA Near Detector cavern and Near Detector described in Chapter 16 satisfies these constraints.  

The 222 ton Near Detector detailed in Chapter 16 is a deliverable for the NOA project.  The NOA Start-up Plan describes how portions of the detector will meet performance as a deliverable.  The Near Detector must observe a neutrino charged current event within the NuMI spill gate in the Near Detector fiducial volume.  This action requires protons delivered to the NuMI target but does not require the full performance of the NOA accelerator upgrade nor the medium energy target configuration. 

Operations of the Near Detector during the six years of data taking are not part of the NOA Project.

18.1.2  Key Scope Parameters
The NOA scope is a 700 kW capable accelerator complex, a Far Detector Hall at Ash River, Minnesota, a 15 kt Far Detector constructed in the Ash River facility, and a 222 ton Near Detector constructed in a new cavern in the MINOS access tunnel at Fermilab.
The scope for each WBS L2 is described in the NOA Project Execution Plan. 

18.1.3  Key Cost Parameters
The Total Estimated Cost (TEC) range is $ 180.2 M.  The Total Project Cost (TPC) is $ 260 M.  These estimates are in Actual Year $ (AY$).  The difference between TPC and TEC is $ 23.2 M of R&D funding during FY2007-FY2009, $ 1.7 M of operations funding during FY2007-2012 accelerator shutdowns to reconfigure existing accelerator components for NOA, and $ 54.8 M of Cooperative Agreement funding of the Ash River Detector Hall construction during FY2007 – FY2009.  

18.1.4  Key Schedule Parameters
The NOvA schedule shows the project duration is 65 months from CD-1 to CD-4.  CD-1 was signed by R. Orbach on May 11, 2007. This schedule is driven by funding profile constraints and is not a technically driven schedule. The schedule has an eight month float between completion of the 15 kt Far Detector and CD-4 which has been set at September 30, 2013.  All the DOE Critical Decision dates are in the NOA Project Execution Plan.
The schedule assumes a CD-2 decision by February, 2008 and approval of CD-3a for a list of key items at the time of CD-2.  The CD-3a items are required to a) maintain the schedule during the first year of the project, or b) for early procurements of single vendor items early in the project to mitigate risk. The list of CD-3a items is as follows:
· Funding for key components of the kicker system, magnet, Main Injector and Recycler Ring RF, and NuMI beamline. 
· Cooperative Agreement funding of the access road construction and site grubbing.

· Funding for the waveshifting chemicals required for the liquid scintillator.

· Funding for the electronics ASIC required for the front-end readout board.

· Funding to package the ADC electronics required for the front-end readout board. 
18.2 Chapter 18 References
[1]  DOE Order 413.3-1, March 2003, Chapter 10.
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