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1. 
Introduction and Schedule

Start-up of new equipment associated with the NOA Project follows the time ordered sequence of subsections of the project as each becomes ready to test.  The subsections covered in this plan are as follows:

· July, 2010
WBS 1.8  
Integration Prototype Near Detector Start-up and Tests.

· April, 2011
WBS 2.9
Far Detector Facility Start-up at Ash River following 





beneficial occupancy.

· May, 2012
WBS 2.0
Accelerator Start-up and Tests with the Recycler following 





the FY10 accelerator shutdown period.

· February, 2012
WBS 2.8
Near Detector Cavern Start-up following beneficial 






occupancy.


· February, 2013
WBS 2.8
Near Detector Start-up and Test following installation 

· March, 2013
WBS 2.0
Accelerator Start-up and Tests with the Recycler following 





the FY12 accelerator shutdown period.





NuMI beamline startup and tests following the FY13 





accelerator shutdown period

· October, 2012

     - February, 2014
WBS 2.9
Far Detector Start-up and Test

· September, 2013
WBS 2.0
NuMI beamline startup and tests following the FY13 





accelerator shutdown period

The start-up plan as described outlines the major activities of the project, including dedicated tasks to meet specified CD-4 deliverables. This plan will develop into a more detailed start-up test plan as the project design matures. The Technical Design Report for each WBS subsystem contains a more detailed discussion of the relevant operational parameters. 
The goals of these start-up and commissioning periods are to show that the equipment or facilities can be safely and effectively operated, and to document appropriate operational procedures. 
2. Readiness Reviews 
2.1 Experiment Systems Readiness 

Experiments in the Fermilab Particle Physics Division (PPD) require ES&H review to help ensure that all appropriate standards and requirements are met.  These reviews, because of specificity or complexity, are outside of the normal purview of the established Laboratory Safety Committee (LSC) Subcommittees.  Consequently, ES&H Review Panels for experiments have been established.  Operation of experiments depends on satsifactory reviews and is controlled for specific parts of an apparatus by partial Operational Readiness Clearance (pORC).  Final operational authority is granted by an Operational Readiness Clearance (ORC) signed by both the head of the PPD and the head of the Accelerator  Division.  
(see Fermilab PPD-Operating Procedures-004 and - 006)

2.2 Building Readiness
The Far Detector Building Readiness Review (FDRR) will document the readiness of the building for installation of the detector assembly components.  The FDRR will occur as part of the Beneficial Occupancy of the Far Detector Building when the construction work is substantially complete.  The FDRR team will consist of representatives of the integrated construction management office and the NOvA Project Office

2.3  Accelerator Readiness

The Fermilab Accelerator Readiness Review (ARR) will provide auditable and objective evidence demonstrating the readiness of the NOA facilities for safe operation meeting baseline performance specifications as per Fermilab ES&H Manual (FESHM) Chapter 2010. The approval to operate the accelerator with beam will be by an independent peer review committee chartered by the laboratory. The main charge of such committees is to verify that a set of procedures is in place to allow the expeditious, cost-effective gathering of the required technical data in a safe and responsible way.  Two major ES&H documents are required as part of the ARR process before checkout with beam of the full equipment may commence: 

· Radiation Shielding Assessment Document; and 

· Safety Assessment Document (SAD).

3. Integration Prototype Near Detector (IPND) Start-up and Tests

3.1 Connection with CD-4 Deliverables

The IPND is not a CD-4 deliverable, but is a crucial test bed serving to bring all the R&D portions of the project together into an integrated, operating system.  Operation of the device for about a year will begin to establish infant mortality rates for detector components.  Once INPD tests are completed, the entire device is disassembled and then reassembled as part of the Near Detector (see section 8).  The full near detector will be assembled on the surface after initial operations of the IPND.

3.2 Overview
Start-up of operations of the IPND begins with installation of electronics once the detector is assembled and filled with scintillator.  Installation is performed primarily by shift physicists.  Some of the start-up is handled by data acquisition and front-end electronics board experts who will be on-site during the initial stages until a pattern of work can be established.  It is desired that the implementation of fixes be done by shift physicists with engineer expert support when necessary.  

This task begins with installation of the electronics readout box (Front-End Board (FEB), photodetector) on the installed PVC modules.  This task also includes the subsequent installation of Data Concentrator Modules (DCMs), Power Distribution Boxes (PDBs), cooling supply and return lines, and the installation of any required supporting framework to hold the components.  A minimal set of Low voltage and high voltage power supplies and distribution cables will also be installed.  A minimal DAQ system will be installed that includes the minimum set of DAQ computers necessary to supply run control functionality, configuration downloads, and an output buffer farm (see WBS 1.7.1.6).  

During initial commissioning the detector will run only while attended. Once Operational Readiness Clearance (ORC) is requested and approved the detector would be able to run in an unattended mode.  

3.3 Start-up with Cosmic Rays
Initial start-up of the detector would use cosmic ray air shower particles and detector background noise as the data source.  In addition, test hit patterns would be available from the Front-End Boards.  The expected cosmic ray rate in the IPND is ~1kHz.  By taking data in millisecond slices it is likely there will be a cosmic ray particle in any recorded time slice.
The initial start-up will begin with operation of the first installed DCM to connect to the DAQ network and operating under Run Control (see WBS 2.7.1.3 1.7.1.4).  This requires the 24V power supply from the PDB to be operated.  Initial operation of the power supplies will be under Detector Controls System (DCS) command.  As start-up proceeds, the DCS system will be under development as well, and will gain features.  When this has been completed the power supply to a single FEB will be initiated to establish a full readout chain.  The FEB will initially operate with default parameters with a high threshold, no high voltage, and no power to the TEC controller circuit.  In this mode the random singles rate will be significant, establishing that all the proper connections have been made.  Once operation of the FEB is stable in this mode, the high voltage can be gradually applied.  Monitoring of the output current will establish that the connections have been made properly.  Monitoring the singles rate will show a decrease in noise signals until it reaches a minimum and begins to climb.  This will enable the operation of the APD at low gain, where it functions as a photodiode.  The gain can then be increased until the singles rate reaches a few tens of hertz, approximately what the background cosmic ray rate should be.

DAQ Monitoring (WBS 2.7.1.71.7.1.9) procedures can be used up to this for diagnostic measurements.  The next step would be to enable periodic triggers (WBS 1.7.1.8).  This would be used to test the buffer farm event building (WBS 1.7.1.6), data logger (WBS 1.7.1.7) and event display.  There would naturally be some cosmic events randomly in time with these periodic triggers.  In order to increase the probability of seeing cosmic ray induced particles in the data the length of trigger windows will be increased. Nominally this would be 30 s, but could be increased to a full DCM buffer size, called a millislice. seconds if desired.  Once this has been met, then the full data path from PVC Module to disk file has been exercised.

When at least one DCM and FEB group is running it will be necessary to begin the start-up of the water cooling system.  Since the system components were installed previously, the point of this start-up item would be to establish circulating water, and then reduce the temperature.  Start-up of the water cooling system includes the following steps:

· Evacuate water system to test for leaks. 

· Then fill the system and begin circulation while monitoring the liquid level to detect any significant water leaks that might develop.  
At this point it would be appropriate to fill out the rest of the DCMs with the other ~60 FEBs in a similar manner.  

Once the first DCM is completely running in this mode a second DCM would be added to the DAQ readout and fill out the detector in the same way as for the first.  Once multiple DCMs are installed additional features of the DAQ software, such as detector partitioning can be implemented and tested.

Once at least one FEB and DCM and cooling system are operating, it would be possible to bring the detector to the operating point.  This would require gradually reducing the configuration temperatures and increasing the applied high voltage until all devices are operating at their nominal configuration and settings.
3.4 Start-up with the Low Energy Configuration of the NuMI Beam

The Low energy configuration of the NuMI beam will already be running for other experiments.  The NOA IPND just sees the standard NuMI neutrino beam at an off-axis angle of 107 milliradians.  Since this is a neutrino beam, no special precautions for radiation are required.  Once the modes in Section 3.3 have been implemented, the introduction of low energy NuMI beam running is rather simple.  

· Introduce trigger server as client to the NuMI beam spill server.

· Enable beam spill events as triggers.

The greatest complication at this point is to understand how much additional data would be requested for calibration or background measurement.  As detailed in Chapter 5, Section 5.6.1 of the TDR, the IPND in this configuration is capable of collecting several thousand neutrino events per year, and about 1 year of data taking time is available.  These data are expected to be useful for advance tuning of the pattern recognition software (not part of the NOvA Project) and will also serve as cross check to the simulation efforts.  The installation, instrumentation and commissioning the full near detector will proceed in a similar fashion once the IPND milestone is met.
3.5 Evaluation of Detector construction and performance

A critical part of evaluating and documenting the detector construction and performance requires careful recording of any difficulties encountered along the way.  Use of on-line logbooks will promote the proper record keeping and history to understand any flaws or improvements that would be desired for the future detectors.  Items to evaluate are:

· Assembly techniques

· Module operation

· Light level measurements

· Noise level measurements

· Noise reduction techniques

· FEB signal extraction techniques

· Light tightening procedures needed

· Appropriate diagnostics

· Test operational limits

· Reduce threshold until data links saturate or other failures

· Increase water temperature until TEC Controllers or LV power saturates

· Infant mortality rates of detector components

3.6 Continued Development

Once the tasks outlined above are complete the IPND will continue to evolve as a test-bed for deployment of each sequence of data acquisition software with enhanced capabilities.  Among these are:

· Threshold setting

· Reloading configuration settings

· Partitioned DAQ running modes

· Long-term stability

· Program (firmware) upgrades to the FEB

· Monitoring

· Remote operations

· Unattended operations modes.
4. Far Detector Facility at Ash River Start-up and Tests

4.1 Connection with CD-4 Deliverables

Beneficial occupancy of the Far Detector Hall with a completed punch list is a CD-4 deliverable as outlined in the NOA Project Execution Plan and the NOA Project Management Plan.
4.2 Civil 
Beneficial occupancy of Far Detector will be established with completion of the construction contracts. Final completion is defined in the civil construction contracts as: 

· Completion and acceptance of all work defined in the construction procurement documents including structural components, architectural finishes, and site improvements.

· Completion of all systems’ commissioning including functional performance test, submission of Operations and Maintenance data, and training of NOvA Project personnel.

· Completion of labeling all equipment, piping and devices.

· Acceptance of the fire protection systems by the University of Minnesota’s Fire Protection Representative.

· Acceptance of the material handling systems by the University of Minnesota’s Representative.

· Submission of project as-built documentation and warranties.

· Completion of cleaning including removal of temporary facilities.

The University of Minnesota intends to hire a Commissioning Agent in FY11 to handle the transition between the contractor and the university management of the building.  The agent will be paid out of Cooperative Agreement operating funds and will not be part of the NOvA MIE project.   The agent will check out each subsystem with the contractor to verify performance and acquire all operating manuals.
Commissioning activities will be performed on the new plumbing, mechanical, electrical, material handling, fire suppression, and electronic safety and security installed. The more detailed objectives of commissioning activities, fully consistent with the more general commissioning goals described earlier, are to: 

· Verify that equipment is installed according to the procurement documents. 

· Perform start-up and pre-functional checks in accordance with the manufacturer’s recommendations. 

· Conduct and document functional performance tests. 

· Verify that operation and maintenance (O&M) data is provided to NOvA Project. 

· Train NOvA Project maintenance personnel on the new systems. 

The major systems that will be included in the commissioning are: 

1)  Electrical

a. Electrical unit substations including transformers and air switches;

b. Emergency and standby electrical generators; 

c. Emergency lighting;

d. Grounding system;

2) Mechanical

a. Domestic water well and conditioning equipment;

b. Sanitary holding tank;

c. Scintillator containment at Scintillator Unloading Facility;

d. Sump pump systems;

e. HVAC systems;

f. Adhesive ventilation fans;

g. Computer room air conditioning unit;

3)  Fire Protection

a. Fire detection and alarm systems including VESDA and linear heat detection;

b. Water mist fire suppression systems;

4)  Conveying Systems

a. General building crane;

b. Module handling crane;

c. Moveable access platforms;

d. Elevator.

5.2 Security Start-up Prior to Detector Assembly

The Far Detector Hall will be operated by the University of Minnesota and will comply with applicable security requirements of both the University and the Department of Energy.  The components of the site and building security include:

· Security fencing;
· Security lighting;

· Security access control system;

A Far Detector Security System Readiness Review (SSRS) will include a testing and commissioning of the systems.  Representatives of the WBS 2.9 operations crew will be trained in the operation of the systems.  The SSRS will occur at the point when these systems are substantially complete.  The SSRS inspection team will consist of members of the Integrated Construction Management team (described in the NOA Project Management Plan) , the NOA Project Office and representatives of the WBS 2.9 operations crew.  The SSRS will be documented as part of normal project records in the NOA document database.

5. Accelerator Start-up and Tests with the Recycler & Main Injector
5.1 Connection with CD-4 Deliverables

An upgraded accelerator complex capable of 700 kW operations is a CD-4 deliverable as outlined in the NOA Project Execution Plan and the NOA Project Management Plan.  The capability is achieved with completed installation and testing of the upgraded devices and with the approved safety documentation in place for operations with beam.
5.2 Recycler and Main Injector Overview

Presently the Recycler Ring (RR) is the Tevatron Collider anti-proton permanent magnet storage ring.  During NOA operation it will be a proton injector (~5e13 protons).and will slip stack to accumulate proton current.  The Recycler is in the same tunnel as the Main Injector (MI) and thus is the same size as the MI.  The RR will fill the MI in a single turn time (~11 msec).

Presently the MI accelerates 4.5E13 protons every 2.2 seconds.  For NOvA the MI has to be able to accelerate to 120 GeV 4.9E13p every 1.33 sec. This reduction in MI cycle time will be accomplished with the elimination of the 8 GeV dwell time and the increase of the maximum acceleration rate from 204GeV/sec to 240 GeV/sec.  Two RF stations will be installed to maintain the same bucket area and the vertical Quad Bus will be upgraded to provide the higher voltage needed. 

Both the RR and MI will also have cooling system upgrades/modifications. 
Start-up of new /modified equipment associated with the Accelerator and NuMI Upgrade Recycler Ring and Main Injector Upgrades portion of NOA will consist of three periods: 

Period 1 - General Checkout (without beam) 
Commissioning of the apparatus before full assembly, in parts; 

Period 2 – Integrated Checkout (without beam) 
Commissioning of the apparatus after full assembly, but without beam (this stage is often referred to as “hot checkout” and occurs after initial installation); and 

Period 3 – Full Checkout (with Beam) 
Commissioning is an operational activity that needs to be integrated into the accelerator operating schedule. This is the responsibility of the Fermilab Directorate and Accelerator Division, not the NOvA Project.
The MI Shielding Assessment and Accelerator Division Safety Assessment Document will need to be updated to include the radiation and overall safety issues of this upgrade.  These documents will need to be approved as per the Fermilab ES&H Manual (FESHM) Chapter 2010 and the Fermilab Radiological Control Manual (FRCM) Section 812.  An overall Accelerator Readiness Review will be completed before commissioning with beam as required by the Fermilab ES&H Manual (FESHM) 2010.  Tasks within the resource loaded schedule that include these startup activities are listed in Appendix A.
5.3 Commissioning Period One: General Checkout (without Beam) 

5.3.1 Recycler Ring 

a) Powered elements in transfer lines:

· Test box supplies into dummy loads at full output current. 

· Verify absence of shorts to ground for each magnet.

· Verify connection of all magnet power supplies by energizing the magnets from the control room and checking that the proper magnet is energized with the correct polarity. (This will be in concert with checkout of the control system in I&C/Safety). 

· Ramp all power supplies to the full setting required for 8 GeV operation after connection of the magnets.  

b) Permanent elements in transfer lines:

· Check polarity of installed elements

c) All elements:

· Verify installation of the required elements by inspection and comparison to a control document. 

· Verify vacuum integrity from the control room, using the control system.

d) RF Cavities

· Verify installation by inspection of cavities

· Verify operation at full power after connection of utilities

5.3.2 Main Injector

a) Transformers and power supplies

· Inspect all high voltage and high current electrical connections

· Corona test the primary of the new high voltage transformer ; hi-pot the secondary

· Operate power supply locally at low current using the MI quad magnets as a load. Verify Power supply protection systems and diagnostics.

b) RF cavities

· Survey alignment of the two new RF cavities

· Pulse test each of the Bias supplies connected to cavities. 

· Establish DC voltages to power amplifier with Modulators on each of the cavities. 

· Pulse test each of the modulators. 

· Close the station RF Feedback loop around each station. 

· Test cavity safety systems and the stations remote status.

5.4 Commissioning Period Two: Integrated Checkout (without beam, with power)
5.4.1 Recycler Ring

a) Beamlines  

· Demonstrate nominal performance of powered magnets, kicker magnets, and their power supplies when operated at the pre-determined settings for delivery of 8 GeV beam energy to the Recycler. Maintain these conditions for at least one hour. 

b) RF Cavities

· Demonstrate nominal performance of cavities when operated at the nominal power and frequencies for slip stacking of 8 GeV beam to the Recycler. Maintain these conditions for at least one hour. 

5.4.2 Main Injector 

a) Power supplies

· Turn on all MI power supplies and ramp

· Run various ramps and check power supply maximum voltage and turn-on/turn-off dynamics.

b) Beamlines

· Demonstrate nominal performance of powered magnets, kicker magnets and their supplies for delivery of 8 GeV beam energy to MI. 

c) RF Cavities

· Apply low voltage RF to the gap of each cavity and progress to high voltage. 

· Close the station phase detector loop. 

· Test cavities with no beam on a typical supercycle. 
5.5 Commissioning Period Three:  Full Checkout (with Beam)
Full beam commissioning is the responsibility of the laboratory and the Accelerator Division and is not included in the project.  The commissioning will proceed along the following lines:

a. Beamline commissioning

· Efficient transfer of proton beam from MI-8 line into Recycler

· Efficient transfer of proton beam from Recycler to Main Injector

b. Instrumentation commissioning

· Position measures (BPMs and Multiwires) in transfer lines and Recycler

· Intensity measures (DCCT and toroids) in transfer lines and Reycler

c. Abort commissioning

· Efficient transfer of proton beam from Recycler to abort line, both with GCK and full turn abort kicker

d. RF Slip Stacking commissioning

· Efficient slip stacking of 3e12 per batch in the Recycler

e. MI Ramp commissioning

· Efficient transfer from 8 GeV to 120 Gev with 240 GeV/s ramp

f. High intensity commissioning

· Increase intensity in Booster Batch to design of 4.3e12 

The Main Injector Department within the Accelerator Division will have commissioning responsibility.  The current department head is also a L3 manager for MI upgrades in the NOvA project and understands that the MI department holds this responsibility.  It is anticipated that there will be ~10 people in the MI department whose sole focus will be efficient commissioning and operations.  With these resources, beam power of 300 kW on target should be achieved after 3 months and 700 kW within 6 months.  
6.  Near Detector Cavern Start-up and Tests

6.1 Connection with CD-4 Deliverables

The Near Detector Hall is not a CD-4 deliverable, but is a required prerequisite for the installed Near Detector as outlined in the NOA Project Execution Plan and the NOA Project Management Plan.
6.2 Overview

Plans call for the underground construction work to be performed by three contractors. 

The excavation of the cave in which the Near Detector will sit, a volume of 700 – 1000 cubic yards, will be performed by the excavation contract. 

The second contract involves all outfitting activities for this new cavern and its environs. Specifically it involves moving a major run of MINOS cables in the vicinity to be excavated, providing lighting, fire suppression and ventilation for the cavern, and constructing platforms beside and above the detector to allow access to the top and one side. 

The third contract is to construct a ‘containment berm’ for containment of any spill of liquid scintillator up to 100% of the detector volume. Part of this berm will be constructed before the detector itself is assembled, but it cannot be completed until after this time. The outfitting, detector assembly and containment installation must overlap, necessitating periods of joint occupancy among the different organizations. Safety for all, and proper adherence to work procedures will be of particular importance during this period. Beneficial occupancy is taken as the time at which the PVC blocks and steel planes can be moved into the enclosure. However there will still be work required from two contractors at a later time.

6.3 Civil 
The cavern excavation contract will be completed before beneficial occupancy. Final completion of this contract is defined as the following:

· Cavern completed as defined in the construction procurement documents;

· Cavern walls and ceiling stabilized according to best practices;

· As built documentation, including survey, of the cavern and the details of cavern reinforcement and stabilization transferred to FESS;

· All cavern water diverted away from the detector location and into the tunnel sump system;

· Excavation left neat and clean.

At beneficial occupancy most of the tunnel infrastructure contract will be completed. That level of completion is defined as the following:

A. MINOS cable repositioning

1. All cables repositioned away from excavated areas;

2. MINOS shown to be operating normally.

B. Lighting

1. Illumination sufficient for outfitting the top and one side of the detector without difficulty;

2. Illumination sufficient to see leaks anywhere in detector;

3. Two means of egress both properly indicated.

C. Ventilation

1. Appropriate to keep cavern temperature stable during operation of the detector.

D. Fire protection

1. Fire detection and alarm system which can be connected to FIRUS;

2. Inert atmosphere fire suppression.

E. Detector access platform

1. The part of the platform which sits west of the detector be completed;

2. Certify that can safely outfit west side of detector from this platform.

As to the containment, at beneficial occupancy the floor and walls except for that at the cavern entrance are to be complete.

At beneficial occupancy the mechanical installation of the detector – muon catcher, six active blocks and south bookend – proceeds. Then the infrastructure contract installs the part of the access platform which is above the detector. The contract is defined as completed when this platform is declared appropriate for the safe outfitting of the top of the detector. Also to be completed at this time is the containment berm. Once this is defined as complete then procedures to fill the detector with scintillator can commence.
6.4 Establish Operating Procedures for Underground Installation of Near Detector
All persons going underground will have to obey the access restrictions which are in place. This is true both for contractors and for NOvA installation personnel. Contractor personnel will be required to follow the Fermilab rules, but they may well have other restrictions imposed by the contractors themselves. For experiment personnel all current restrictions and procedures will remain for accessing the new cavern. These include the requirements of having underground training, wearing hard hats and heavy shoes, placing an ID on the board at the top of the elevator shaft and demonstrating knowledge of procedures to follow in the case of emergency. The new cavern will have the additional hazard that it will be considered a confined space, so that that training will also be required. Safety personnel will decide whether the carrying of compressed air packs is required. Anyone operating a fork truck underground as part of the installation activity will require appropriate training. Lowering equipment down the shaft must be done by a certified crane operator. 

Additional operating procedures will be established before installation and assembly of the NOA Near Detector underground.  

Two particular principles will be followed:

1)  Near Detector installation requires that blocks and muon catcher planes will never be moved when filled with scintillator. They are always moved empty, and scintillator is introduced only after a block or plane is set in its final location. When empty, the individual pieces to be lowered down the MINOS shaft and moved into position are not dangerously heavy – about 6 metric tons for the empty blocks and 9 metric tons for a steel plane with detector plane attached. These parts can be suspended from the building crane and moved by fork trucks. 

2)  After being set in place empty and appropriately surveyed, liquid scintillator will be added to the Near Detector.  It is filled from a tanker on the surface, with the liquid being piped down the shaft.  The filling equipment is designed to keep the pressure head from the surface low (see Chapter 16 of the NOA Technical Design Report).  Additionally spill containment will be present at the base of the shaft as well as around the detector during this process. As a precaution, no other shaft activity will be taking place during this filling process.  Once filling is completed, the Near Detector is ready for its own start-up plan described in the next section.

7. Near Detector Start-up and Tests

7.1 Connection with CD-4 Deliverables

The Near Detector is a CD-4 deliverable.  The assembled and tested device must observe a neutrino charged current event within the NuMI spill gate in the Near Detector fiducial volume.  This is outlined in the NOA Project Execution Plan and the NOA Project Management Plan. 
7.2 Overview
Start-up of operations of the Near Detector (ND) begins just like operations with the IPND with installation of electronics once the detector is assembled and filled with scintillator.  Installation is performed primarily by shift physicists.  Some of the start-up is handled by DAQ and FEB experts who will be on-site during the initial stages until a pattern of work can be established.  It is desired that the implementation of fixes be done by shift physicist with engineer expert support when necessary.  

This task begins with installation of the electronics readout boxes (Front-End Board (FEB), photodetector) on the installed PVC modules.  This task also includes the subsequent installation of Data Concentrator Modules (DCMs), Power Distribution Boxes (PDBs), cooling supply and return lines, and the installation of any required supporting framework to hold the components.  A minimal set of Low voltage and high voltage power supplies and distribution cables will also be installed. A minimal DAQ system will be installed that includes the minimum set of DAQ computers necessary to supply run control functionality, configuration downloads, and an output buffer farm (see WBS 2.8.4.4 and 2.8.4.5).  

During initial operations the detector will run only while attended.  Once Operational Readiness Clearance (ORC) is requested and approved (WBS 2.8.4.6.1.1 and WBS 2.8.4.6.1.2) the detector would be able to run in an unattended mode.  A month of commissioning time is included in the schedule after Operational Readiness Clearance is obtained (WBS 2.8.4.6.2).

7.3 Start-up with Cosmic Rays
Initial start-up of the modules would use cosmic ray air shower particles and detector background noise as the data source.  In addition, test hit patterns would also be available from the Front-End Board.  The expected cosmic ray rate will be less than in the IPND since the Near Detector is underground.  By taking data in millisecond slices it is likely there will be a cosmic ray particle in any recorded time slice.
The initial start-up will begin with operation of the first installed DCM to connect to the DAQ network and operating under Run Control.  This requires the 24V power supply from the PDB to be operated.  Initial operation of the power supplies will be under Detector Controls System (DCS) command.  As start-up proceeds, the DCS system will be under development as well, and will gain features.  When this has been completed the power supply to a single FEB will be initiated to establish a full readout chain.  The FEB will initially operate with default parameters with a high threshold, no high voltage, and no power to the TEC controller circuit.  In this mode the random singles rate will be significant, establishing that all the proper connections have been made.  Once operation of the FEB is stable in this mode, the high voltage can be gradually applied.  Monitoring of the output current will demonstrate that the connections are all properly established.  Monitoring the singles rate will show a decrease in noise signals until it reaches a minimum and begins to climb.  This will enable the operation of the APD at low gain, where it functions as a photodiode.  The gain can then be increased until the singles rate reaches a few tens of hertz, approximately what the background cosmic ray rate should be.

DAQ Monitoring procedures can be used up to this for diagnostic measurements.  The next step would be to enable periodic triggers.  This would be used to test the data logger and event display.  There would naturally be some cosmic events randomly in time with these periodic triggers.  In order to increase the probability of seeing cosmic ray induced particles in the data the length of trigger windows can be increased.  Nominally this would be 30 s, but could be increased to seconds if desired.  Once this has been met, then the full data path from PVC Module to disk file has been exercised.

When at least one DCM and FEB group is running it will be necessary to begin the start-up of the water cooling system.  Since the system components were installed previously, the point of this start-up item would be to establish circulating water, and then reduce the temperature.  We will evacuate the water system to test for leaks and then fill the system and begin circulation while monitoring the liquid level to detect any significant water leaks that might develop.  
At this point it would be appropriate to fill out the rest of the DCM with the other 64 FEBs in a similar manner.  Once the first DCM is completely running in this mode a second DCM would be added to the DAQ readout and fill out the detector in the same way as for the first.  Once multiple DCMs are installed additional features of the DAQ software, such as detector partitioning can be implemented and tested.  There are 497 FEBs and 12 DCMs on the Near Detector.

Once at least one FEB and DCM and cooling system are operating, it would be possible to bring the detector to the operating point.  This would require gradually reducing the configuration temperatures and increasing the applied high voltage until all devices are operating at their nominal configuration and settings.
7.4 Start-up with the NuMI Beam

Once the above modes have been implemented, the introduction of  NuMI beam running is rather simple and follows the same outline as done for the IPND earlier..  

· Introduce trigger server as client to the NuMI beam spill server.

· Enable beam spill events as triggers.

· Exercise the full fast rate capability of the front end ASIC  (see the NOA Technical Design Report, Chapter 14, Section 14.8)

The initial start-up of the Near Detector will be different from the IPND since for the first time we will see the muon background rates in the final off-axis position.  The initial startup period with neutrinos will likely be in the Low Energy configuration and at lower than final design intensities.   Each of these conditions would reduce the data rates by a factor of two so that in an initial year of data would lead to a sample of ~ 500 electron neutrino events in the Near Detector fiducial volume.  There would be less than 500 if the initial running period were shorter than a year.  See the NOA Technical Design Report, Chapter 4, Section 4.5 for details. 
8. Far Detector Start-up and Tests

8.1 Connection with CD-4 Deliverables

The Far Detector is a CD-4 deliverable.  The assembled and tested device must observe a neutrino charged current event within the NuMI spill gate in each of the 6 superblocks.  This is outlined in the NOA Project Execution Plan and the NOA Project Management Plan. 
8.2 Overview
Start-up of operations of each Superblock of the Far Detector begins just like operations with the IPND and Near Detectors with installation of electronics once the detector is assembled and filled with scintillator.  Installation is performed primarily by shift physicists.  Some of the start-up is handled by DAQ and FEB experts who will be on-site during the initial stages until a pattern of work can be established.  It is desired that the implementation of fixes be done by shift physicist with engineer expert support when necessary.  

This task begins with installation of the electronics readout boxes (Front-End Board (FEB), photodetector) on the installed PVC modules.  This task also includes the subsequent installation of Data Concentrator Modules (DCMs), Power Distribution Boxes (PDBs), cooling supply and return lines, and the installation of any required supporting framework to hold the components.  A minimal set of Low voltage and high voltage power supplies and distribution cables will also be installed.  A minimally required DAQ network will be installed, and the minimum set of DAQ computers to supply run control and configuration and output buffer farm.  See WBS 2.7.4.2 – WBS 2.7.4.9.  

During initial operations the detector will run only while attended.  Once Operational Readiness Clearance (ORC) is requested and approved (WBS 2.9.4.6.1), each Superblock of the detector would be able to run in an unattended mode.  
8.3 Start-up with Cosmic Rays
Initial start-up of every Superblock would use cosmic ray air shower particles and detector background noise as the data source.  In addition, test hit patterns would also be available from the Front-End Boards.  The expected cosmic ray rate in a Superblock is of order 30 kHz.  By taking data in appropriate time slices it is likely there will be a cosmic ray particle in any recorded time slice.
The initial start-up will begin with operation of the first installed DCM to connect to the DAQ network and operating under Run Control.  This requires the 24V power supply from the PDB to be operated.  Initial operation of the power supplies will be under Detector Controls System (DCS) command.  As start-up proceeds, the DCS system will be under development as well, and will gain features.  When this has been completed the power supply to a single FEB will be initiated to establish a full readout chain.  The FEB will initially operate with default parameters with a high threshold, no high voltage, and no power to the TEC controller circuit.  In this mode the random singles rate will be significant, establishing that all the proper connections have been made.  Once operation of the FEB is stable in this mode, the high voltage can be gradually applied.  Monitoring of the output current will establish that the connections are all properly established.  Monitoring the singles rate will show a decrease in noise signals until it reaches a minimum and begins to climb.  This will enable the operation of the APD at low gain, where it functions as a photodiode.  The gain can then be increased until the singles rate reaches a few tens of hertz, approximately what the background cosmic ray rate should be.

DAQ Monitoring procedures can be used up to this for diagnostic measurements.  The next step would be to enable periodic triggers.  This would be used to test the data logger and event display.  There would naturally be some cosmic events randomly in time with these periodic triggers.  In order to increase the probability of seeing cosmic ray induced particles in the data the length of trigger windows can be increased. Once this has been met, then the full data path from PVC Module to disk file has been exercised.

When at least one DCM and FEB group is running it will be necessary to begin the start-up of the water cooling system.  Since the system components were installed previously, the point of this start-up item would be to establish circulating water, and then reduce the temperature.  The water system will be evacuated to test for leaks, helps to prevent airlocks in any of the TEC modules and reduces any purge time needed to rid the system of air bubbles.  The system will then be filled with circulating water while monitoring the liquid level to detect any significant water leaks that may develop.  

Startup of the Far Detector slow controls and monitoring functions will be another important task.
At this point it would be appropriate to fill out the rest of the DCM with the other 64 FEBs and then proceed to further DCMs and their associated FEBs.  There are 1860 FEBs and 29 DCMs on each 5 block Superblock, but the readout is actually designed in units of di-blocks.  Thus, turning on portions of a Superblock are the likely next steps before the full Superblock is turned on.

Once at least one FEB and DCM and cooling system are operating, it would be possible to bring the detector to the operating point.  This would require gradually reducing the configuration temperatures and increasing the applied high voltage until all devices are operating at their nominal configuration and settings.  Again, this may initially be done in smaller portions than a Superblock.

The NOA schedule contains resources for all of these activities:

WBS 2.9.4.6.5

Readout cosmic tracks in Superblock 1

WBS 2.9.4.6.6

Readout cosmic tracks in Superblock 2

WBS 2.9.4.6.7

Readout cosmic tracks in Superblock 3

WBS 2.9.4.6.8

Readout cosmic tracks in Superblock 4

WBS 2.9.4.6.9

Readout cosmic tracks in Superblock 5

WBS 2.9.4.6.10
Readout cosmic tracks in Superblock 6.

8.4 Start-up with the NuMI Beam

Once the above modes have been implemented, the introduction of  NuMI beam running is rather simple and follows the same outline as done for the IPND and Near Detectors earlier..  

· Introduce trigger server as client to the NuMI beam spill server.

· Enable beam spill events as triggers.

The initial start-up of the Far Detector will be different from the IPND or Near Detectors since for the first time we will see the Far Detector background rates in the final off-axis position at Ash River.  The initial startup period of at least some of the Superblocks will likely be in the Low Energy configuration and at lower than final design neutrino intensities.  Superblocks assembled later in the construction cycle will start up with the beam in the Medium Energy configuration following the FY12 Accelerator Shutdown but likely still at less than design intensity.  At nominal intensity the mean time required to see a track from a charged current event that points back to Fermilab is about 1 week.  

The activities required to observe beam neutrino events in the Far Detector are all included in the NOA schedule:

WBS 2.9.4.6.21
Read out neutrino event in Superblock 1

WBS 2.9.4.6.22
Read out neutrino event in Superblock 2

WBS 2.9.4.6.23
Read out neutrino event in Superblock 3

WBS 2.9.4.6.24
Read out neutrino event in Superblock 4

WBS 2.9.4.6.25
Read out neutrino event in Superblock 5

WBS 2.9.4.6.26
Read out neutrino event in Superblock 6.
9. NuMI Beamline Start-up Tests

9.1 Connection with CD-4 Deliverables

A NuMI beamline capable of accepting a 700 kW proton beam and producing a medium energy neutrino beam is a CD-4 deliverable as outlined in the NOA Project Execution Plan and the NOA Project Management Plan.  The capability is achieved with completed installation and testing of the upgraded devices and with the approved safety documentation in place for operations with beam.
9.2 NuMI Beamline Overview

Presently 120 GeV protons are delivered from the Main Injector to the NuMI Beamline and the target and horn 2 are in the low energy neutrino configuration.  The NuMI Beamline is designed for 400 kW proton beam power on target.  For 700kW NOA operation the repetition rate is every 1.33 seconds versus 1.87 seconds. Thus power supply improvements and several improved quads and profile monitors are required in the primary beamline.

In the NuMI Target Hall, a new medium energy target, baffle and carrier and various cooling upgrades are necessary.  Also Horn 2 will need to be moved to the medium energy position. Downstream of the target hall some cooling and electrical upgrades are needed.  Finally the Hadron Monitor will need to be upgraded to handle the increased power.

Start-up of new /modified equipment associated with the Accelerator and NuMI Upgrade NuMI Upgrades portion of NOA will consist of three periods: 

Period 1 - General Checkout (without beam) 
Commissioning of the apparatus before full assembly, in parts; 

Period 2 – Integrated Checkout (without beam) 
Commissioning of the apparatus after full assembly, but without beam (this stage is often referred to as “hot checkout” and occurs after initial installation); and 

Period 3 – Full Checkout (with Beam) 
Commissioning is an operational activity that needs to be integrated into the accelerator operating schedule. This is the responsibility of the Fermilab Directorate and Accelerator Division, not the NOvA Project.
The NuMI Shielding Assessment and NuMI Safety Assessment Document will need to be updated to include the radiation and overall safety issues of this upgrade.  These documents will need to be approved as per the Fermilab ES&H Manual (FESHM) Chapter 2010 and the Fermilab Radiological Control Manual (FRCM) Section 812.  An overall Accelerator Readiness Review will be completed before commissioning with beam as required by the Fermilab ES&H Manual (FESHM) 2010.  Tasks within the resource loaded schedule that include these startup activities are listed in Appendix A
9.3 Commissioning Period One: General Checkout (without Beam) 

9.3.1 NuMI Primary Beamline 

a) 3Q120 quads

· Verify water flow and cable connections. 

· Verify polarities during safety monitored "power on" tunnel access.

· Ramp all power supplies to 120 GeV settings from control room; monitor noise on power supply outputs

b) Profile Monitors

· Verify cable connections, signal strip outputs with test signal, and IN/OUT drive function Verify Profile Monitor IN/OUT function from control room. 

· Verify signal strip outputs thru ACNET.

c) Dipole PS BuLB

· Verify function locally at power supplies.  

· Verify hook-up to Beam Permit System

· Ramp all power supplies to 120 GeV settings from control room. Monitor regulation feedback limits thru ACNET

d) All Systems

· Document results in NuMI beamline e-log
9.3.2 Target Hall

a) Horn 2
· Checkout power supply system

· Verify stripline connections.

· Verify RAW water connections

· Verify instrumentation connections

· Leak test RAW system

b) Target
· Verify RAW water connections

· Verify instrumentation connections

· Leak test RAW system

c) Chiller System
· Verify operation of chiller system. 

9.3.3 NuMI Decay Pipe, Hadron Absorber and Utilities

a) RAW systems
· For each RAW system

i. Visually inspect

ii. Leak check

iii. Verify RAW system operations.

iv. Operate RAW systems for 8 hour period.

v. Visually inspect RAW systems to verify system integrity

· RAW systems include

i. Target

ii. Horn 1

iii. Horn 2

iv. Decay Pipe upstream

v. Decay Pipe downstream

vi. Absorber

a) Hadron Monitor
· Verify instrumentation connections.

9.4 Commissioning Period Two: Integrated Checkout (without beam, with power)

9.4.1 NuMI Primary Beamline 

a) All magnets

· Operate all power systems at 1.3 sec rep rate and 120 GeV settings for an 8 hour shift. Monitor ramp stability and noise levels thru ACNET plots and thru beam permit system. 

· Make setting adjustments to keep ramps within tolerance and verify permit trips appropriately for each supply. 

· Detailed tunnel walk-through after 8 hr "operations" shift to verify that no problems have developed.

a) Profile Monitors

· Verify function of all ACNET monitor drive and readouts for multiple insertions. 

· Verify no noise problems on signal outputs from ramped power supplies. 

· Verify no vacuum effects from monitor insertions.

a) All systems 

Document results in NuMI beamline e-log
9.4.2 Target Hall

a) Horn 2

· Test pulse Horn 2 at 50% power level. Monitor water flow and temperature.

· Operate Horn 2 at 100% power level. . Monitor water flow and temperature.

b) Chiller System

· Verify operation of chiller system.

9.4.3 NuMI decay Pipe, Hadron Absorber and Utilities

a) RAW systems

· For each RAW system

i. Operate RAW systems for 8 hour period with associated equipment operational.

· RAW systems include

i. Target

i. Horn 1

i. Horn 2

i. Decay Pipe upstream

i. Decay Pipe downstream

i. Absorber

b) Hadron Monitor

· Verify instrumentation connections through data acquisition system and ACNET controls.

Appendix A:

A.1
Accelerator Start-up and Tests with the Recycler & Main Injector

RECYCLER:

RR Instrumentation Checkout:

· 2.0.1.3
Recycler Instrumentation
This summary task covers  the procurement, testing, and installation of upgrades to the existing Recycler BPM system, beam intensity monitors, and damper systems.

RR RF:

· 1.0.1.1.3.2

53 Mhz RF System 
This summary task covers the testing of the 53 MHz RF cavities before installation.

· 2.0.1.1.2

RR 53 Mhz System
This summary task covers the procurement, fabrication, and installation and testing for the Recycler 53 MHz RF system.  It includes the 3 cavities (2 + 1 hot spare), the ceramic gaps, and the vacuum components to install in the ring.

RECYCLER AND MAIN INJECTOR:

RR/MI Alignment: 
· 1.0.1.1.2.2.5
Alignment
This summary task covers the work of an alignment crew, adjusting the positions of new installation magnets and other devices with the stand adjustments. This is the final step in the installation of the magnets and other devices before the vacuum is made up and electrical cable hooked up. 
RR/MI Machine/Controls Timing (includes LLRF checkout):

· 1.0.2.1.1

Machine Timing
This summary tasks covers the modifications to the MI and RR low level rf systems required for slip stacking in the RR along with the associated revolution markers and transfer events.

· 1.0.2.1.1.1.1
Design, Modify, Install & Test Beam Swtch Sum Box

· 1.0.2.1.1.1.2
Design, Modify, Install & Test MI beam sync clock

· 1.0.2.1.1.1.3
Design, Modify, Install & Test RR beam sync clock

· 1.0.2.1.1.1.4
Design, Modify, Install & Test TClock

· 1.0.2.1.1.1.5
Design, Modify, Install & Test MI low level RF system

· 1.0.2.1.1.6.3
RR Low Level RF System Test

· 1.0.2.1.1.6.4
RR Low Level RF System Startup

· 2.0.1.1.1.11
Controls/Timing
This summary task covers the installation and testing tasks for the controls and timing systems for the injection line, the extraction line, and the beam abort kickers.

RR/MI Shielding Assessment:

· 1.0.1.4
Recycler Radiation Safety
This summary task covers the necessary study time and assessment of the Recycler Ring Radiation Safety.  It will produce a shielding assessment document for the running of the Recycler Ring in the Nova era.

· 1.0.2.3
MI Radiation Safety
This summary task covers the necessary study time and assessment of the Main Injector Radiation Safety.  It will produce a shielding assessment document for the running of the Main Injector in the Nova era.

Overall transfer line Installation/checkout: 
· 2.0.1.1.1.14
Installation
This summary task covers all planning, layout drawing work, and installation of all magnets and other devices in the RR, MI and transfer lines.  This includes stands installation; cable installation, termination & testing; vacuum system makeup, testing, and leak checking. 
Cooling systems Installation/checkout:

· 2.0.1.1.4.1

Injection Line Water System Mods Installation
This summary task includes the procurement, installation, and start-up for cooling system mods in the Injection Line area, including piping and bus moves, magnet connection, and new lines to MI-14 for the power supplies and flourinert skids.

· 2.0.1.1.4.2

Extraction Line Water System Mods Installation
This summary task includes the procurement, installation, and start-up for all cooling system mods in the Extraction Line area, including piping and bus moves, magnet connection, any new connections for MI-30 power supplies and flourinert skids.

· 2.0.1.1.4.3

Abort Line Water System Mods Installation
This summary task includes the procurement, installation, and start-up for all cooling system mods in the Abort Line area, including piping and bus moves, magnet connection, and new lines to MI-39 for the power supplies and flourinert skids.

· 2.0.1.1.4.4

Install RF Cavity Water System Mods
This summary task includes the procurement, installation, and start-up for all cooling system mods for the RF Cavities, for both the 95°F and 55°F LCW systems.

· 2.0.1.1.4.5

Install MI-8 Pump Room LCW System
This summary task includes the procurement, installation, and start-up for an additional pump room installation at MI-8, and the subsequent design of the LCW system and pump room equipment, as well as required mods to the Pond Water system at PV-9.

Kicker systems checkout (MI and RR):

· 2.0.1.2.2.2
Assembly & Testing of RR Injection Production Kicker Power Supply
This summary task covers the assembly and testing of two pre-production RR Injection pulsers, assembly and testing of controls modules and racks for 5 pulsers and 4 bumpers, assembly and final testing of the 5 production pulsers and 4 bumper pulsers, and installation and final testing of the RR Injection pulser systems in the MI-14 and MI-39 service buildings. Also included are assembly of the 10 production loads and installation of the fluorinert cooling system to the tunnel and final testing of the system.

· 2.0.1.2.2.5

RR Inj & Gap Clear Inst Mags, Cables & Fluor Piping in Tunnel, Term, Connect & Test, Check 2 Systs

· 2.0.1.2.3.3

MI Injection Kicker System Fabrication & Asssembly, Checkout/Test
This summary task covers the welding of end flanges and application of resistive coating to ceramic beam tubes for the MI Injection kickers, also the assembly and testing of the MI Injection kickers, winding and installation of PFLs in the MI-30 service building, assembly and installation of fluorinert cooling skids, assembly of the tail bumper pulsers, and installation and checkout of the MI Injection kicker system.

· 2.0.1.2.3.5

RR Ext/MI Inj Line Kick Inst Mags, Cables & Fluor Piping in Tunnel, Term, Connect & Test , Check Sys

· 2.0.1.2.5.2

Beam Abort Kicker Assembly & Checkout/Test
25Feb09 
This summary task covers the refurbishment of an existing magnet for the Beam Abort kicker system, assembly of a new load, assembly of a fluorinert cooling skid, Low Voltage and High Voltage testing of the magnet, installation of the fluorinert cooling system and piping to the tunnel, and checkout/testing of the Beam Abort kicker system.

· 2.0.1.2.5.2.12
BA Abort Kicker Inst Mag, Cables & Fluor Piping in Tunnel, Term, Connect & Test, Checkout/Test


MAIN INJECTOR:

Power Supply Checkout:

· 2.0.2.1.1.5
MI Mods Commission New Power Supply Components

Install/Checkout MI-14, MI-39 Infrastructure:

· 2.0.2.1.2
MI-14 Communications Infrastructure
This summary task covers the installation and testing of the infrastructure required for the controls (including the racks and cables) in the MI-14 building.

· 2.0.2.1.3
MI-39 Communications Infrastructure
This summary tasks covers the installation and testing of the infrastructure (including the racks and cables) required for the controls in the MI-39 building.

MI RF Cavities Install/Checkout:

· 2.0.2.2.3
MI RF Cavities Cavity Installation
This summary task covers the tunnel installation of the two extra rf cavities and the final high voltage testing.

· 2.0.2.2.3.5
MI RF Cavities Final System Test

· 2.0.2.2.4
MI RF Cavity Cooling System Mods Installation
This summary task includes the procurement, installation, and start-up for all cooling system mods for the RF Cavities, for both the 95°F and 55°F LCW systems.

A.2
Accelerator Start-up and Tests with the NuMI Beamline
NuMI Primary Beamline: 

· 2.0.3.1.1
NuMI Extraction Kicker
This summary task covers the procurement, engineering and technician efforts needed to upgrade the NuMI kicker power supply for increased pulsing repetition rate. This is needed for reduced cycle time operation. This includes procurement, installation and testing of parts to upgrade the Fluorinert to water heat exchanger.

· 2.0.3.1.2
NuMI Dipole Power Supply
This summary task covers the procurement, engineering and testing efforts needed to upgrade the 6 NuMI major dipole power supplies for reduced cycle time and improved precision readout and regulation.

· 2.0.3.1.3
3Q120 Quadrupoles
This summary task covers the efforts needed to replace the 5 highest current QQM  style 3Q120 quadrupoles with more robustly cooled QQB style quads.  This is important for reliable operaation at shorter cycle times.  Included is the procurement, installation and testing of higher current cables, 75 kW power supplies, and installation of QQB magnets.

· 2.0.3.1.4
Upgrade Primary Beam Transport Profile Monitors
This summary task covers the procurement, engineering and technician efforts needed to upgrade the NuMI primary beam transport profile monitors to enable use during high intensity beam operation. The updated design makes use of the best features of the current NuMI Ti foil monitors and proven Fermilab mechanical drive systems.  Fabrication, testing and installation of 10 monitors is included.

(this set of tasks also includes leak checking of vacuum and final alignment tasks)

Target:

· 2.0.3.2.1.5
Installation to existing Target Module /Installation in Chase.  Includes testing and checkout.
Hadron Monitor:

· 2.0.3.2.2
Hadron Monitor
This summary task is for the purchasing of a hadron monitor from the University of Texas, Austin (UTA). It includes the labor to write the purchase requisition and to replace and test the hadron monitor in the tunnel. It includes the M&S to purchase the hadron monitor from the University of Texas. The purchase includes the design, fabrication, and delivery of a Hadron Monitor from the UTA to Fermilab.

Stripline:

· 2.0.3.3.2.1
Stripline Extension
This summary task covers the procurement,  fabrication, assembly, and installation of stripline components required to extend the existing Horn 2 stripline and fence to the medium energy position.  The stripline components include the following items: conductors with silver plating, fasteners, tooling, support stand parts, fence parts.  The procurement tasks include labor and M&S for purchase req preparation and PO placement, fabrication and delivery time, receipt/inspection/QA and storage, followed by final assembly of all the components and hi-pot testing of the stripline.  The assembly and installation tasks include a welder and rigging crew, and cover installation of the stripline extension, stands, and fence in the target hall.

Target Chase:

· 2.0.3.3.1
Target Hall Operations Space Planning
This summary task covers the procurement, fabrication, and installation of operations equipment in the target hall.  The procurement tasks include labor and M&S for purchase req preparation and PO placement, fabrication and delivery time, receipt and inspection/QA, and final installation of the equipment in the target hall and load testing of any equipment.  Also included in the M&S are trip costs to the vendor site.  The installation task includes a welder and rigging crew and M&S to cover miscellaneous expenses during the installation.

· 2.0.3.3.3.1
Target Chase Air Cooling
This summary task covers the procurement,  fabrication, installation, testing and troubleshooting of the target chase cooling equipment.  The procurement tasks include labor and M&S for purchase req preparation and PO placement, fabrication and delivery time, receipt/inspection/QA, and storage of the following: - (Qty. 2) Heat Exhanger Cooling Coil units plus associated instrumentation   Installation of the cooling coil unit will be in the target hall and will include modifications to the existing coil box plus installing instrumentation and read backs.  Consulting fees have been included in the M&S of the Test and Troubleshoot task.

· 2.0.3.3.3.3
Radiant Heat Loads
This summary task covers the procurement, fabrication, and assembly of chase temperature monitoring equipment.  The procurement tasks include labor and M&S for purchase req preparation and PO placement, fabrication and delivery time, receipt/inspection/QA, and storage of the following: - Radiation hard thermocouples and cabling - Mounting hardware  - Instrumentation The installation includes mounting the temperature monitoring equipment in the target chase together with readbacks.  Testing of readbacks and electronics is also included.

NuMI Cooling Systems:

· 2.0.3.4.1.1
Target RAW
This summary task includes the procurement, installation, and start-up for all cooling system mods for the Target RAW system instrumentation.

· 2.0.3.4.1.2
Horns RAW
This summary task includes the procurement, installation, and start-up for all cooling system mods for the Horn 1 and Horn 2  RAW systems, including additional instrumentation, ejector pump upgrades, and any associated system pump, heat exchanger, and piping upgrades.

· 2.0.3.4.1.4
Decay Pipe RAW
This summary task includes the procurement, installation, and start-up for all cooling system mods for the Upstream and Downstream Decay Pipe RAW systems, including additional instrumentation, and any associated system pump, heat exchanger, and piping upgrades.

· 2.0.3.4.1.5
Hadron Absorber RAW & Intermediate
This summary task includes the procurement, installation, and start-up for all cooling system mods for the Hadron Absorber RAW and Intermediate Cooling systems, including additional instrumentation, and any associated system pump, heat exchanger, and piping upgrades.

· 2.0.3.4.2.1
NuMI LCW
This summary task includes the procurement, installation, and start-up for all cooling system mods for the MI-62 LCW Cooling System, including additional instrumentation, and any associated system pump, heat exchanger, and piping upgrades.

· 2.0.3.4.2.2
CUB Chilled Water System
This summary task includes the procurement, installation, and start-up for all cooling system mods for the ICW Cooling System, which supplies cooling water form CUB, including additional instrumentation, and any associated system pump, heat exchanger, and piping upgrades.

· 2.0.3.4.2.3
NuMI Sump Cooling Water Syst
This summary task includes the procurement, installation, and start-up for all cooling system mods for the NuMI Sump Water system, including additional instrumentation, and any associated system pump, heat exchanger, and piping upgrades.

· 2.0.3.4.2.4
MI-65 Secondary Chilled Water System
This summary task includes the procurement, installation, and start-up for all cooling system mods for the Secondary Chilled Water system, located in MI-65, including additional instrumentation, and any associated system pump, heat exchanger, and piping upgrades.

NuMI Electrical Infrastructure:

· 2.0.3.4.3
NuMI Electrical Infrastructure
This summary task covers the procurement, installation, and testing of Electrical Infrastructure equipment related to all RAW and Non-RAW Cooling System Modifications.

NuMI Shielding Assessment:

· 1.0.3.3.3.4

NuMI - Review & Revise Shielding Assessment

A.3
Milestones Related to Accelerator and Beamline Startup Activities
· 2.0.4.3.13
ANU Shielding Assessment Updates Complete
This milestone is defined as the point at which the MI and NuMI/MINOS Shielding Assessments have been updated/appended for NOvA operation and approved as defined in Fermilab Radiological Control Manual (FRCM) Chapter 8.

· 2.0.4.3.15
MI Ring Modifications Ready for Beam Transport
All the NOvA  Main Injector modifications have been completed and tested as appropriate and the machine is ready for beam transport.

· 2.0.4.3.16
RR Modifications Ready for Beam Transport
This milestone is defined as the completion of the NOvA Recycler Ring modifications for beam transport.  It includes the installation, testing, alignment, and vacuum certification of all the beamline elements (magnets, instrumentation, kickers) for injection into the Recycler from the MI8 line and extraction from the Recycler to the Main Injector.

· 2.0.4.3.17
Ready to Commission Upgrades with Medium Energy Neutrino Beam
Milestones for RR and MI ready for beam transport completed. The Target Hall has been reconfigured to the medium energy optics and the medium energy target has been installed in the target chase and tested.  Horn 2 has been relocated to the medium energy position, connected to the extended stripline and tested.  Also all NOvA upgrades for higher beam power down the NuMI line have been completed and tested as appropriate.
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