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8 System Integration (WBS 1.3.
Introduction

System integration is an extremely important activity when a number of large complex subsystems are designed to act as an integrated unit and when many of the systems are being designed by different engineering teams.  The application of systems integration to the Near Detector Complex will insure that the ND satisfies all of the functional requirements, fits together mechanically, all electrical systems function properly without interference, and the DAQ performs its goals of recording the data and transmits that data to the archiving device. 
8.1 Requirements and Specifications

8.1.1 Decay Tunnel Requirements(Mills)
Text goes here…

8.1.2 Detector Hall Requirements

The ND Reference Design has two options that are being considered, a Minerva Option and the  HiResMnu option.  For either option the following Hall requirements are anticipated.

1. Hall length = 112’.

2. Floor to ceiling height = 45’.

3. Floor to crane hook = 35’.

4.  Hall width = ??’.

5. Surface building size = 50’ x 125’ x 35’

6. Hall floor and ceiling to be horizontal

7. Controlled low humidity and stable temperature of ± 2 deg C

8. Non ODH room for the electronics

9. ODH room for cryogenics

10. Ventilation in both ODH and non-ODH areas

11. Flame resistant cabling

12. Power requirement ~125kW-~2MW depending on the ND reference design option

13. Drip ceiling over Detector area

14. Utilities for magnet cooling water, chamber gas distribution, etc.

Close coordination with FNAL civil engineering, FNAL ES&H group, and the LBNE integration engineer by the ND mechanical and electrical integration engineers will be required through a series of periodic meetings and reviews.    

8.2 Integration
· Beam line, target, absorber, alcove, interface engineering
The beam line, target, and decay tunnel are being designed by the Beam Line group.  The alcove and absorber are being specified by the ND group in collaboration with the Beam Line group.  To insure that the physics requirements for the ND and the Far detector are satisfied, the ND group will closely interface with the Beam Line group through periodic meetings and reviews.  The alcove and absorber requirements will be defined by the ND group and transmitted to the Beam Line group and the ND chief engineer.  

· Near Detector Hall full 3-D Detector CAD engineering model 
The Near Detector Complex will consist of a number of detector systems designed to measure the characteristics of the beam and decay flux to a sensitivity level that will maximize the oscillation potential of the far detector.  Since the different detection systems in the ND Complex must act as a coherent unit, it will be very important to initiate a complete 3-D model of the complex from the outset.  The model must incorporate the dimensions of the hall, the electrical and mechanical utilities, fiducial boundaries of the individual detector systems, details of the designs of the individual systems as they become available including all mechanical and electrical systems, support structures, and access and rigging systems.  

Drawing packages for the ND will be compatible with the LBNE drawing packages.  Document and drawing control will be strictly followed so only the latest versions are used.  Copies of the drawings and documents will be stored electronically and in paper form and duplicates will be stored in a central archive determined by LBNE PM.  The ND 3-D CAD model will be under the control of the Chief Mechanical Engineer.
· Mechanical Integration
Mechanical integration will be under the responsibility of the ND chief mechanical engineer.  All mechanical drawings, interface control documents, mechanical procurements, and mechanical integration with the LBNE/FNAL civil construction teams and LBNE beam line group will be under the control of the ND Chief Engineer.  Mechanical integration involves coordinating all of the activities associated with the design, construction, and installation of all of the mechanical systems of the near detector complex.  This includes compiling the specifications of the ND detector hall, and coordination of the specification and requirements of the ND detector subsystems and maintaining these documents in the data base.  An important aspect will be to identify the interfaces that exist between the individual subsystems and between the Near Detector and the external Beam Line and Civil Construction.  Close cooperation with the FNAL ES&H group will be required.
· Electrical Integration
Electrical integration will be under the responsibility of the ND chief electrical engineer.  All electrical drawings, interface control documents, electrical procurements, and electrical integration with LBNE/FNAL civil construction teams and the LBNE Beam Line group will be under the control of the ND chief electrical engineer. Electrical integration involves coordinating all of the activities associated with the design, construction, and installation of all of the electrical systems of the near detector complex.  This includes compiling the specifications of the ND detector hall, and coordination of the specification and requirements of the ND detector subsystems and maintaining these documents in the data base.  An important aspect will be to identify the interfaces that exist between the individual subsystems and between the Near Detector and the external Beam Line and the Civil Construction.  Of specific importance will be the definition of the grounding system for the ND complex. Close cooperation the chief ND mechanical engineer and with the FNAL ES&H group will be required.  All electrical systems will adhere to the FNAL electrical safety requirements.
8.3 Installation
Installation of components in the near detector hall and beam line areas will begin when the areas are declared ready for beneficial occupancy.  Prior to installation, an installation plan will be implemented and approved by ND-PM and LBNE-PM.  The installation will be under the direction of the ND chief engineers.  Bringing all of the subsystems together will require close coordination of the engineers and physicists to insure success.  The installation plans will determine the order of installation and schedule for each subcomponent.  The installation will include physical placement of each subsystem, connection of the electronics and detectors, connection of utilities, and testing.  During the design of the subsystems the access needs will be identified and the mechanical platforms will be designed and will be approved by FNAL ES&H.   
· Beam Line components installation
Installation of the beam line components will proceed when the decay tunnel and alcove areas are declared ready for beneficial occupancy.  The ES&H approved platforms and all utilities will be installed first followed by the beam line detectors.   
· Near Detector components installation
Installation of the ND Hall components will proceed when the detector hall is declared ready for beneficial occupancy.  The ES&H approved platforms and all utilities will be installed first followed by the ND Hall components.   
· DAQ and computing installation
The neutrino hall DAQ and beam line DAQ will be installed when needed by the two subsystems.  Generally, this should be made available before the testing of the individual components.  The installation of the DAQ’s should be included in the installation plans.  The computing installation can proceed after beneficial occupancy of the surface building.  
· Commissioning
Commissioning should begin as soon as possible, even prior to the delivery of beam to the target.  Commissioning will involve a full system test of each installed subsystem, i.e. a test with the front end detector connected to its readout electronics, through the DAQ, and data logged.  Commissioning will not be completed until all of the subsystems are active at the same time.  In the event that the ND complex and beam line are ready prior to the readiness of the far detector, plans should be established to use the available beam to calibrate the ND and to make any special runs that may be needed.
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