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[bookmark: _Toc166637615]Introduction
The existing Fermilab Antiproton Source (FAS) and proposed elements of the Muon Campus Program play an essential role in the beam delivery strategy for the Mu2e Experiment. No enclosure currently exists in the vicinity of the FAS that would be suitable to house the Mu2e Experiment; therefore a new Mu2e facility is required.  

The Conventional Construction sub-project includes the management, planning, design, and construction of new structures, buildings and utilities, as well as modifications to existing structures needed to house and support the assembly and operation of the Mu2e experiment. The Conventional Construction builds upon and extends the existing infrastructure and the proposed facilities provided in the Muon Campus projects. 

The Conventional Construction scope includes the elements of work normally included in conventional construction such as earthwork, utilities, structural concrete, structural steel, architectural cladding, finishes, roofing, plumbing, process piping, HVAC, fire protection, lighting and electrical.   Also included in this scope of work is the extension of existing utilities to the project site, excavation associated with the below grade cast-in-place concrete enclosures, creation of a shielding berm and site restoration. 

Design activities have been packaged into two (2) distinct functional packages:

1. Detector Service Building and Detector Enclosure
The Detector Enclosure will house the Mu2e detector including the Production Solenoid, Transport Solenoid and Detector Solenoid and will provide space for assembly and support functions. The Detector Enclosure adjoins to the existing Muon Campus Beamline Enclosure and will house the physics apparatus that comprise the proton beamline.

2. Antiproton Upgrades  
In order to accommodate the increased beam power required for the Mu2e Experiment, portions of the existing FAS infrastructure will be upgraded as part of the Conventional Construction scope of work. The Mu2e Accelerator sub-project has the responsibility to assess and provide the criteria for the conventional facilities portion of the required upgrade.  Based on the increased beam power, the Antiproton Rings Service Buildings (ARSB) will be posted with entry controls to restrict access during beam operations.  In addition, the increased beam power will require the installation of additional electrical power and cooling to specific areas within the ARSB.  This includes the beamline power supplies located in the ARSB.

The preliminary and final designs for the Mu2e Conventional Construction subproject will be procured from one (1) or more Architectural/Engineering (A/E) firms currently under master contract with Fermilab. The subproject manager for Conventional Construction will manage the effort of the A/E firms. Subject matter experts within the Fermilab Engineering Services Section (FESS) will provide support and guidance to ensure that the Fermilab/Mu2e design, quality and configuration requirements are maintained throughout the design and construction process.  

The subproject manager for Conventional Construction will also serve as the Construction Manager during the construction phase. The Construction Management Office (CMO) consists of a Construction Manager (CM), Construction Coordinator(s) (CC), and Procurement Administrator (PA). While the CM is ultimately responsible for all coordination and correspondence with the Subcontractor, the CM may delegate certain daily responsibilities to the CC and PA.  Line management is directly linked from the CM to the Mu2e Project Manager and the FESS Section Head.

The scope of the Conventional Construction subproject will be realized through several construction packages.  While the final configuration of the construction packages will be determined during the final design phase, it is anticipated that there will be between one (1) and three (3) construction packages for a project of this magnitude. This is intended to provide a logical and constructible sequence to reduce the construction period to a minimum. Further design iterations will be required to determine how to best optimize the construction packaging based on programmatic and funding limitations. The design methodology and construction means and methods for the Mu2e Conventional Construction work are expected to be similar to that which has been employed on the Fermilab site for decades.
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The technical requirements for the Mu2e Conventional Construction scope of work were developed from stakeholder input, organization processes and enterprise assets. The main sources of stakeholder inputs are the other Mu2e subproject managers. Regularly scheduled meetings are held with the Mu2e Collaboration, Mu2e Technical Board, Mu2e Working Group, Mu2e Accelerator subproject leaders, Mu2e Solenoid subproject leaders and detector groups. The requirements employed in the design and construction of the Mu2e Conventional Construction are contained in the Mu2e document database [1] which provides a central, trackable repository for project data. 
Organizational Processes
Organizational Processes provide institutional requirements for the design, construction and operations of all projects built and operated at Fermilab.  For the Mu2e Conventional Construction these requirements are derived from the Policies and Procedures of the Directorate, Facilities Engineering Services Section (FESS), and FESS/Engineering. All applicable DOE orders and standards are included in these requirements.  A selection of applicable standards is listed below:

· DOE Order 151.1C – Comprehensive Emergency Management System
· DOE Order 413.3A – Program and Project Management for the Acquisition of Capital Assets, Change 1 issued 7/28/06.
· DOE Order 414.1C – Quality Assurance
· DOE Order 420.1B – Facility Safety
· DOE Order 430.1B – Real Property Asset Management (2/8/08)
· DOE Order 430.2B – Departmental Energy, Renewable Energy and Transportation Management
· DOE Order 450.1A – Environmental Protection Program (6/4/08)
· DOE STD-1066-99 – Fire Protection Design Criteria
· DOE STD-1073-2003 – Configuration Management
· DOE Guide 420.1-2 – Guide for the Mitigation of Natural Phenomena Hazards for DOE Nuclear Facilities and Non-Nuclear Facilities
· 10 CFR 835 – Radiological Protection Program
· 10 CFR 851 – Worker Safety and Health Program
· 10 CRF 851.23 – Safety and Health Standards
· Internal Fermilab permits and work notifications as described in FESHM.
Enterprise Standards
Enterprise standards from regulatory agencies, code bodies and trade organizations also provide input for the design and construction of the Mu2e facility. The Fermilab Engineering Standards Manual provides a comprehensive listing of applicable and adopted building codes and design standards. The applicable standards are listed below:

· Codes, Standards, and Guidelines
· International Building Code (IBC) – 2009 Edition
· International Energy Conservation Code – 2009 Edition
· International Fire Code – 2009 Edition
· International Mechanical Code – 2009 Edition
· Minimum Design Loads for Buildings and Other Structures – ASCE 7-05
· Building Code Requirements for Structural Concrete – ACI 318-05
· Specification for Structural Steel Buildings – AISC 360-05
· Building Code Requirements for Structural Concrete and Commentary – ACI 318-08
· Building Code Requirements for Masonry – ACI 530-05
· Illinois Plumbing Code – 2004
· Illinois Department of Public Health Codes
· Illinois IEPA
· NFPA 101 Life Safety Code – 2009 Edition
· NFPA 13 – Standard for the Installation of Sprinkler Systems – 2010 Edition
· NFPA 24 – Standard for the Installation of Private Fire Service Mains and Their Appurtenances – 2010 Edition
· NFPA 30 – Flammable and Combustible Liquids Code – 2008 Edition
· NFPA 55 – Compressed Gases and Cryogenic Fluids Code – 2010 Edition
· NFPA 70 – National Electrical Code – 2008 Edition
· NFPA 70E – Standard for Electrical Safety in the Workplace – 2009 Edition
· NFPA 72 – National Fire Alarm Code – 2010 Edition
· NFPA 80 – Fire Doors and Fire Windows – 2010 Edition
· NFPA 90A – Standard for the Installation of Air-Conditioning and Ventilating Systems – 2009 Edition
· NFPA 90B – Standard for the Installation of Warm Air Heating and Air Conditioning Systems – 2009 Edition
· NFPA 92A – Standard for Smoke-Control Systems utilizing Barriers and Pressure Differences – 2009 Edition
· NFPA 92B – Standard for Smoke Management Systems in Malls, Atria, and Large Spaces – 2009 Edition
· NFPA 110 – Emergency and Standby Power Systems – 2010 Edition
· NFPA 115 – Standard for Laser Fire Protection – 2008 Edition
· NFPA 780 – Standard for the Installation of Lightning Protection Systems (and UL 96A) – 2008 Edition
· National Institute of Standards and Technology
· ASHRAE Standard 90.1-2004 Energy Standard for Buildings Except Low-Rise Residential Buildings
· ANSI/HFES 100-2007 – Human Factors Engineering of Computer Workstations
· ANSI 17.1 Safety Code for Elevators and Escalators 
· ANSI/ASHRAE Standard 62.1-2004 Ventilation for Acceptable Indoor Air Quality
· ANSI/AIHA Z9.5-2003 Standards for Laboratory Ventilation
· ASME Boiler and Pressure Vessel Code (2007)
· ANSI/ASME B31.3 – Process Piping (2002)
· ANSI 31.9 – Building Services Piping (1996)
· Occupational Safety and Health Administration (OSHA)
· Underwriters Laboratory
· ICC/ANSI A117.1 – 2003 Standard for Accessible and Usable Buildings and Facilities Illinois Accessibility Code 
· ADA Accessibility Guidelines for Buildings and Facilities (ADAAG) – 2004
· Illinois Accessibility Code
Recommended Design
[image: :Screen shot 2012-03-12 at 10.41.46 PM   Mar 12.png] The location for the Mu2e facility was selected primarily to facilitate the efficient transport of protons from the Debuncher Ring of the FAS to the Mu2e experiment.  Figure 6.1 is an aerial photo of the southwestern portion of the Fermilab site with the location of key landmarks indicated along with the location of the envisioned Mu2e Facility.  The connection between the Mu2e external beamline and the FAS is made at the upstream end of the Muon Campus Beam Enclosure.  The availability of an existing beamline stub and the length of the external beamline, driven by the physics requirements of the delivered proton beam, determine the location of the Mu2e Experiment. A segment of Kautz Road will be relocated to the west of the existing location and west of the proposed location of the Mu2e facility by the Muon Campus Program. 
Figure 6.1 Aerial Photo showing the project location
The selected location is at a confluence of existing utilities serving the Main Injector, MiniBooNE, SciBooNE, the Antiproton Ring and the MC-1 Building. These utilities include Industrial Cooling Water (ICW), Domestic Water Service (DWS), Natural Gas (Gas), Low Conductivity Water (LCW) and electrical power. Figure 6.2 is a site utility plan that indicates the location of existing and proposed utilities, surface buildings and the below grade enclosures.  The selected location provides access to the majority of the utilities needed to support the assembly and operation of the Mu2e project.  

The Industrial Cooling Water (ICW), Domestic Water Supply (DWS), Chilled Water Supply/Chilled Water Return (CHWS/CHWR), Natural Gas (Gas) and Sanitary Sewer (SS) services for the Mu2e project will be extended from existing services along Kautz Road or Well Pond Road.  Primary Electric Power will be extended as a “looped” feed from a manhole near the MC-1 Building.  Additionally, data and communication services will be extended from the existing FAS. These services will be routed via new or existing utility corridors.  Details of the anticipated utility work are listed below:

· ICW will be used primarily for fire protection in the sprinkler system and hydrants.  A small, 30 GPM flow of ICW will be utilized to cool a vacuum pump that will service the physics apparatus.  The ICW return will be routed via ditches to the existing Swan Lake system, upstream of the designated outfall to waters of the state.
·  (
Figure 6.2
.
 Utility Site Plan
.
)Adequate cooling capacity for the Low Conductivity Water (LCW) system required for the external beamline components currently exists at the Central Utility Building.  To fully utilize this capacity, the system will be re-programed to take advantage of the flow and heat rejection capacity of the abandoned Accumulator Magnets in the existing FAS. The new LCW service will be routed through the underground enclosure to the Mu2e Experiment.
· An adequate supply of drinking water is available through an existing 6” DWS supply line that runs along Kautz Road.  This existing line will be extended into the Mu2e facility for domestic uses.
· Natural Gas from an existing underground line will be extended to the Mu2e facility for HVAC heating. 
· The connection to the Sanitary Sewer service will be made at the existing lift station near MC-1 via an underground gravity pipe.  
· An adequate supply of Chilled Water (CHW) is available from the Central Utility Building (CUB).  Connection to the CHW Supply and CHW Return lines will be made near MC-1 and extended via underground lines to the Mu2e facility.  CHW will be used for cooling of the radioactive water systems. 
· Radioactive Water (RAW) systems will be utilized for the programmatic equipment. The RAW system, based on existing Fermilab system designs of similar size, will be isolated from surface water and will reject the heat to the chilled water system originating at the CUB. While the design, procurement and installation of the RAW systems are included in the Accelerator Subproject, the Conventional Construction subproject will provide the CHW piping to a location within the Mu2e facility that will allow for final connections to the RAW system.
· The FAS is currently powered from the 13.8 KV feeder, Feeder 24, originating at the Master Substation (MSS) through the air switch at F-3.  A “looped” feed runs around the Antiproton Ring from F-3.  Feeder 52 from the Kautz Road Substation is connected at the F-3 air switch and provides backup power for lighting and water sumps.  The electric power for the Mu2e Experiment will be provided via an underground duct bank and feeder loop extended from the MC-1 building.

A new access road will provide vehicular access to the Mu2e Experiment from existing Fermilab roads. This new road will be constructed in a similar manner to existing Fermilab roads and will be suitable for all weather access.  The access road will intersect existing Indian Creek Road adjacent to the AP-10 parking lot. Paved parking will be provided for six (6) vehicles at the facility along with a gravel hardstand that will provide a staging area during detector assembly. A paved approach to the at-grade loading dock with suitable truck maneuvering space is provided. Figure 6.3 shows the overall area site plan indicating proposed roads and buildings.

A combination of earth, concrete and steel shielding will be provided for below grade beamline enclosures in order to provide the equivalent of sixteen (16) feet of earth shielding for all primary beam transport and targeting enclosures. An earth berm with maintainable side slopes will be used.  
[bookmark: _Toc166637620]Mu2e Detector Service Building and Detector Enclosure
Mu2e Detector Enclosure 
The Mu2e Detector Enclosure will consist of a below-grade, cast-in-place concrete enclosure located below the Mu2e Detector Service Building.  The Detector Enclosure, shown in Figure 6.4 consists of the spaces required to house, support and accommodate assembly and installation of the proton beamline, Mu2e solenoids and Detector components as well as the detector support equipment.


 (
buildings.
)
Figure 6.3.The overall area site plan indicating the proposed Mu2e facility and surrounding roads.
[image: ]The finished floor of the Mu2e Detector Enclosure will be located at an elevation of 721’-0”, 25.5 feet below the floor of the Mu2e Detector Service Building and approximately 25 feet below grade level.  

The Detector Enclosure adjoins to Muon Campus Beamline Enclosure to house the programmatic beamline components that will be required to transport the proton beam from the existing Debuncher Ring to the Mu2e production target internal to the Production Solenoid. The connection to the Muon Campus Beamline will be made with a ten-foot wide by eighteen-foot high concrete enclosure approximately 100 feet long, running from the northwest end of the Muon Campus Beamline Enclosure to the Mu2e Detector Enclosure. The enclosure is designed to support 16 feet of earth and concrete shielding to grade. This amount of shielding will allow for “unlimited occupancy” rating of all above ground areas accessible to the general public. A labyrinth style corridor between the enclosure and detector enclosure will provide the Detector Enclosure a code required second means of egress.   

The Production Solenoid and related experimental equipment, shown in Figure 6.5, are contained within a cast-in-place concrete enclosure that has been designed to be isolated from the downstream detector components by way of modular precast concrete shielding installed after the detector installation is complete.  
[image: ]
Figure 6.4. Detector Hall Underground Plan.

After entering the Production Solenoid the proton beam interacts with the production target.  The fraction of the beam that does not interact in the target exits the Production Solenoid and terminates in the downstream proton Beam Absorber. This area, downstream of the Production Solenoid, consists of two cast-in-place concrete enclosures that will house the Beam Absorber, Extinction Monitor as well as space for the remote handling equipment required to replace components inside the Production Solenoid.  

Located downstream of the Production Solenoid is a shielded hatch sized to accommodate the installation for the Production Solenoid as well as providing access to accommodate the remote handling operations.  An exterior crane will facilitate lifting and lowering of equipment through the hatch. A small detector to monitor the beam extinction is positioned above the Beam Absorber. 

The Transport Solenoid and the Detector Solenoid are housed under precast concrete shielding at the Detector Service Building floor level.  The above grade building’s two 30 ton bridge cranes will be used for vertical transportation of material and equipment required for the installation and maintenance of the Detector and Transport Solenoids.  These solenoids will be shielded during operations by modular concrete shielding blocks.  
[image: ]
Figure 6.5. Underground plan showing the Mu2e apparatus.
[bookmark: _GoBack]The Detector Solenoid area shown in Figure 6.5 has been sized to accommodate the Detector Solenoid and the surrounding Cosmic Ray Veto as well as an associated staging area.  Steel track plates anchored to the concrete base slab will accommodate the transport and support of the solenoid and detector elements. The staging area will allow the interior detector components to be commissioned outside of the Detector Solenoid prior to installation and removed later for repair or adjustment, if necessary. Space for electronics, vacuum pumps and other infrastructure necessary to support detector operations will also be available in this area. 

The construction of the below grade structure will utilize traditional “open cut and cover” method.  This method has been used successfully at Fermilab for the construction of the majority of shielded enclosures on-site. Listed below are specific features of the Detector Enclosure:

· The below grade enclosures will have code compliance exit corridors and stairways provided to conform to the required maximum distance to an exit.  These exit stairs will be configured to maintain the shielding requirements. 
· An earthen shielding berm with maintainable side slopes will be used.  
· The interior surfaces of the walls and ceiling will be painted.
· The exterior concrete wall surfaces will be moisture proofed to provide a safe and dry semi-conditioned space for personnel and equipment. 
· The below grade structures will be flanked with underdrain piping that will negate the hydraulic pressure on the walls and roof of the enclosure. The underdrains will be routed to sump basins with duplex sump pumps that will discharge water onto grade and away from the structure.  
· The walls and ceiling of the enclosure will be fitted with embedded channel inserts to allow for the support of cable trays, piping, electrical conduits and fire detection equipment.   
· Convenience outlets, 120/208VAC, will be provided at least every sixty (60) feet along the walls.   
· In addition to required emergency and exit lighting, light fixtures will be provided to supply a minimum of 20 foot-candles.  A percentage of these lights will be on UPS circuits to provide emergency lighting during power failures.  
· The enclosure will be ventilated with neutral, dehumidified air.  
· Fire detection will be via air sampling and line type sensors.  Fire protection will be provided for the detector and solenoids.  

Underground airflow has been developed to provide a required oxygen deficiency hazard (ODH) purge, minimum temperatures and maximum relative humidity below the dew point.
Grade Level Structures
An above-grade Detector Service Building (DSB) will provide space for the various support services required for the Mu2e Experiment. A 3-D depiction of the grade level structure is shown in Figure 6.6. The Mu2e Detector Service Building will be constructed as a braced frame, steel construction with prefinished metal siding and a built up roof system. The construction type and style will match that of adjacent facilities on the Fermilab site. 

Figure 6.7 provides a plan view of the Mu2e DSB. The above grade Mu2e DSB will include a high bay and an adjacent low bay. 

The Mu2e DSB high bay will provide space for unloading, staging and assembling the detector components. The high bay will be equipped with two 30-ton capacity overhead bridge cranes, similar in style and construction to cranes installed with the Main Injector project.   




[image: ] Figure 6.6. A 3-D depiction of the grade level structure.
 
Figure 6.7. Detector Service Building Grade Level Plan.
[image: ]A portion of the high bay, shown in the upper right hand corner of Figure 6.6 above, will be used as a loading dock as well as housing beamline power supplies and a gas storage area.  The area above the below grade Mu2e Detector Enclosure and below grade staging are intended to remain open during assembly and installation process.  Once the Mu2e detector installation is complete, the opening will be filled with modular precast concrete shielding blocks to a depth of three (3) feet to provide the required shielding during operations. The configuration provided will allow for up to six (6) feet of shielding if needed in the future.  The high bay contains space for temporary staging of the shield blocks should removal be required for maintenance and/or repair of the detector components. 	

The Mu2e DSB low bay area will contain the spaces required to support the assembly, installation and operation of the Mu2e detector including a Solenoid Power Supply Room, a Mechanical Room for mechanical and electrical equipment, an Electronics Room, toilet rooms, janitor’s closet and exit stairs from the below grade Mu2e Detector Enclosure. An elevator is provided for vertical transport of personnel and equipment between the surface and below grade portions of the building. 

The Solenoid Power Supply Room is sized based on the criteria provided by WBS 4, Solenoid subproject and will house the electrical equipment to power the below grade solenoids. Electrical power for the power supplies will be brought to this area and terminated at a disconnect switch for distribution. A shaft like penetration provides connection to the below grade enclosure to the Cryo piping with strip lines.

The Mu2e DSB low bay will contain an Electronics Room that will house the electronic racks for the solenoid controls and data acquisition system including the online processing farm, data transfer controllers and networking equipment. This equipment, primarily computers, requires strict environmental controls for proper operation. This space will be conditioned with dedicated equipment to provide suitable environmental control.  This space is intended to house equipment only and will not be occupied during normal operations. During normal operations the Mu2e Experiment will be run from a remote control room located within Wilson Hall.

The Mechanical Area will house the equipment that supports the assembly and operation of the detector and operation of the facility. This includes the cooling equipment for the experiment, ICW strainer, fire protection riser, heat exchangers, pumps and the huge number of meters and monitoring equipment required as part of the “smart lab” initiative. The Mechanical Area will also contain the electrical switchgear, transfer switch and panelboards to distribute the incoming electrical service. The electrical switchgear will serve conventional facilities equipment, the programmatic equipment for the Mu2e Experiment and the 480 V HVAC systems. New electrical panels serving the lights, outlets and general house power will be included in the electrical power distribution system.

The Heating Ventilation and Air Conditioning (HVAC) systems for the Mu2e DSB will conform to ASHRAE 90.1, ASHRAE 62, applicable NFPA requirements and applicable sections of the Fermilab Engineering Standards Manual. The Heating, Ventilation and Air Conditioning Design Parameters for the Mu2e DSB are listed below:

· The temperature shall be maintained between 68 to 78 degrees Fahrenheit.
· The relative humidity shall be maintained below 50%. There is no minimum requirement. 
· All plumbing work will be installed in accordance with Illinois Plumbing Code and Standard Specifications for Water & Sewer Main Construction in Illinois.
· The Mu2e DSB will be conditioned with a packaged HVAC system. 
· A duplex sump pump system will be installed to collect subsurface water from around the Mu2e DSB and discharge to grade.

The Mu2e DSB egress, construction type, emergency lighting, exit signage and smoke control ventilation will be designed in accordance with the International Building Code (IBC) and National Fire Protection Association (NFPA) standards.  Fire alarm and suppression systems for the Mu2e facility will be designed in accordance with the applicable sections of the Fermilab Engineering Standards Manual. Automatic sprinkler systems will comply with the standards for an Ordinary Hazard Group 1 classification, in accordance with latest edition of the NFPA Codes and Standards. The most commonly used NFPA standards relative to automatic sprinkler systems are: 13, 20, 25, 70, 72, 90A, and 101. A life safety consultant has developed a Preliminary Fire Protection / Life Safety Recommendations Report that have been incorporated into the conceptual design.

Fire alarm systems will be designed with a minimum standby power (battery) capacity capable of maintaining the entire system in a non-alarm condition for 24 hours, in addition to 15 minutes in full load alarm condition. The most commonly used NFPA standards relative to fire alarm systems are: 70, 72, and 90A.

The Mu2e DSB will be equipped with an addressable evacuation fire alarm system consisting of:

· Manual fire alarm stations at the building exits.
· Sprinkler system water flow and valve supervisory devices.
· A combination fire alarm horn and strobe located throughout the building.
· Addressable emergency voice and visual fire alarm system.
· Connection to the site wide FIRUS monitoring system
· Smoke and heat detection as required.

Electrical Distribution
[image: :Screen shot 2012-03-12 at 11.07.56 PM   Mar 12.png]A new 1500 kVA transformer will provide the electrical power for the Mu2e Experiment. The transformer has been sized to accommodate the anticipated electrical power for both the conventional facilities and the Mu2e programmatic equipment.  A new concrete encased power duct bank will be installed to connect the Mu2e facility to Fermilab’s existing 13.8 kV electrical power grid. This connection, to Feeder 24, will originate at a manhole near the MC-1 Service Building. Figure 6.8 below depicts the single line diagram for the Mu2e Experiment.
Figure 6.8. Detector Service Building Electrical Single Line Diagram.
The new Mu2e electrical substation will be located adjacent to the Mu2e Detector Service Building.  The substation will be designed to accommodate the new transformer and associated 4-way air switch. In addition, the substation will be designed to accommodate a second future transformer. The new electrical substation will be connected to the Mu2e Detector Service Building via a new concrete encased duct bank and will be routed to new electrical service switchgear or disconnects inside the Mu2e Detector Support Building. Future loads and reasonable redundancy have been considered in the design of the electrical system.
[bookmark: _Toc166637623]Antiproton Upgrades
The Conventional Construction upgrades to the FAS includes the two (2) components listed below:

1. Electrical upgrade to provide an additional 1500 KVA transformer and the associated connections.
2. Mechanical upgrades including increased fan coil units in the existing AP-30 and AP-50 Service Buildings.
Service Building
The existing FAS was constructed in the early 1980’s and was designed to handle a beam current of antiprotons that is significantly smaller than the 8 kW of proton beam power required for Mu2e (see Section 5.10). The requirements for the FAS Service Buildings are described in Section 5.10.3.4. The Service Buildings will have Rad Posting and controlled entry.  
Electrical Upgrade
In order to support the new Mu2e beamline components that will be installed in the existing FAS, a new electrical substation with a 13.8 kV four-bay air switch and 1500 kVA pad mounted, oil filled transformer will be installed adjacent to the existing AP-30 Service Building. The four-bay air switch will provide additional configuration control as well as a means of serving the new transformer.  New incoming service disconnects will be installed inside the existing AP-30 Service Building. 
Mechanical Upgrade
The increased heat load produced by the beamline equipment housed in the existing AP-30 and AP-50 Service Buildings will exceed to capacity of the existing cooling equipment. The Conventional Construction subproject will install additional cooling capacity to provide cooling for this equipment.

[bookmark: _Toc166231880][bookmark: _Toc166637624]Considered Alternatives to the Proposed Design
[bookmark: _Toc166637625]Alternatives Designs and Locations 
As part of the conceptual design process, two (2) Project Definition Reports (PDR) were developed for the Mu2e facility. The first PDR was produced in September 2008 and the second in May 2009. A brief description of each alternative is described below. A complete copy of these reports can be found in [2]. 


September 2008 Project Definition Report
[image: :Screen shot 2011-04-18 at 11.21.21 PM   Apr 18.png]The September 2008 Project Definition Report positioned the facility located in an area west of Kautz Road and south of Giese Road on the Fermilab site.  The proton beam is extracted from the existing Antiproton Source near AP-60, directed downward and beneath Indian Creek and transported to a new below grade enclosure housing the Mu2e Experiment.  The location of the proposed facility is shown in Figure 6.9.

Figure 6.9. Alternative location for the Mu2e facility from the September 2008 Project Definition Report.
The Production Solenoid, Transport Solenoid and Detector Solenoid were contained within a cast-in-place below grade concrete enclosure. The below grade portion of the Mu2e Detector Support Building was separated from the above grade portion of the building by 21 feet of earth equivalent shielding.  In order to accommodate installation and maintenance of the Mu2e detector components, the shielding over the Production Solenoid and the Detector Solenoid was removable precast concrete shielding blocks. This provided complete crane access to the entire detector.  The high bay provided space for unloading the detector components from semi-trailers. The adjacent low bay contained the Control Room, Mechanical Room and Electrical and Power Supply Room.  

The plan described in the 2008 PDR was abandoned for several reasons. It was recognized that the beam extraction from the AP-60 sector of the Antiproton Source was problematic.  From a conventional construction standpoint, the cost and environmental risk of extending the proton beamline under Indian Creek was deemed excessive.  Additionally, the cost associated with full access to the detector through removable shielding across its entire length was very high due the cost of the shielding blocks themselves as well as the cost of the re-enforced side wall structure required to withstand the load from lateral earth pressure when the shielding blocks were removed.
 (
Figure 
6
.1
0.
 Alternative location for the Mu2e facility from the May 2009 Project Definition Report.
)May 2009 Project Definition Report
A second Project Definition Report, completed in May 2009, addressed many of the issues that had been identified in the 2008 PDR. A more suitable location for extracting the beam was identified at the north end of the existing AP-30 enclosure using an existing beam pipe, used in the past for studies with injected protons from the Booster Ring. 

It was recognized that the connection to the existing FAS could be made at this location with a minimum of demolition and component reconfiguration. The Mu2e facility was intended to be located in an area east of existing Kautz Road and north of Giese Road.  Figure 6.10 includes a site photo depicting the new construction required for the Mu2e beamline and facility indicated in yellow.

Because it would no longer be necessary to for the beamline enclosure to pass beneath Indian Creek, the new beamline would have been shorter and at a shallower depth, proving more cost effective with fewer construction complexities. To further reduce cost, the design of the Mu2e Detector Support Building was modified to require fewer removable shielding blocks. In order to accommodate installation and maintenance of the Mu2e detector components, some removable shielding over the Production Solenoid and the Detector Solenoid was preserved. The below grade portion of the Mu2e DSB is separated from the above grade portion of the building by 21 feet of earth equivalent shielding above the beamline components and the Production Solenoid for primary beam shielding. A plan view of the above grade portion of the Mu2e DSB is shown in figure 6.11 below.  The Detector Solenoid is separated by 15 feet of concrete shield blocks from the above grade portion of the building. The high bay is equipped with a 35-ton capacity overhead bridge crane. The high bay has a limited staging area for the precast concrete shield blocks.
[image: :Screen shot 2012-03-13 at 12.51.28 AM   Mar 13.png]
 Figure 6.11. Plan view of the alternative design for the Detector Service Building as shown in the September 2009 PDR.  
       The adjacent low bay contains the Mechanical Room and Electrical and Power Supply Room. The low bay also contains support facilities including a bathroom, janitor’s closet and exit stairs serving the below grade portion of the building.

 The current design for Mu2e project is similar to the alternative documented in the May 2009 PDR. The length of the beamline has increase based on physics requirements to accommodate beamline components.  This has resulted in a shift of the facility to the   north.  
Previous Design Iteration
 The current design reflects the design refinements and simplifications that have resulted from continued discussions with the other Mu2e subproject leaders and related stakeholder input. Figure 6.12 shows the design of the Detector Service Building prior the Value Management effort.  The design shown below accommodated a 25 KW proton beam on target that required a larger structure, deeper excavation with more shielding.   The Value Management studies described in Chapter 6.8, Value Management, describes additional design changes that optimized the layout to the current configuration.  
 (
Grade Level Plan
) 
Figure 6.12. The design of the Mu2e facility prior the Value Management effort.
[image: :Screen shot 2012-03-12 at 11.22.04 PM   Mar 12.png]Systems Alternatives
The following system alternatives have been evaluated for Conventional Construction subproject portion of the Mu2e Experiment. In subsequent phases of the project, these ideas will be explored and documented in greater detail through the value management process.

·  Dedicated Chiller 
The preferred alternative is to obtain chilled water from the existing Central Utility Building (CUB) through an existing system. The existing 1400-ton capacity chiller at CUB currently serves the Main Injector and FAS and is currently at 80% capacity.  While this is adequate to serve the needs of the Mu2e project, other operational impacts could reduce this capacity. An alternate is the use of a dedicated air-cooled chiller to provide the required cooling for the Mu2e Experiment. This alternate will have a higher initial cost as well as higher maintenance and replacement costs.

· LCW from CUB
An alternative to extending the existing Low Conductivity Water (LCW) system from the FAS to the Mu2e facility is to increase the LCW capacity at CUB in order to accommodate the Mu2e requirements.  Preliminary calculations indicate that the existing CUB system has limited capacity in both heat exchanger and flow (pipe size). An alternate to the current design of a dedicated stand-alone LCW plant in the Mu2e DSB is to upgrade the existing CUB LCW plant adding new or larger heat exchanger and increase the pipe sizes to that required for Mu2e. The cost and schedule impact of this option require additional investigation.

· Capacitors on Electrical Equipment 
Both the existing PBar Rings and the planned power supplies are estimated to have power factors below eighty percent (80%).   Capacitors located at or near the Mu2e facility could reduce the requirements for the transformers and/or feeders. The cost, schedule and technical impact of this option require additional investigation.

· DSB High Bay Cooling
The preferred HVAC design includes cooling of the high bay portion of the Mu2e DSB.  An alternative would be to provide heating and ventilation only for this space resulting in an upfront and operation cost savings.  The requirements for this space will be reviewed prior to CD-2 and the preferred HVAC design could change as a result.

· HVAC High Bay Cooling Unit Location
The current design locates the HVAC unit for the DSB high bay at grade south of the Mu2e DSB.  A preliminary investigation indicates that a location of the roof of the DSB low bay would be more efficient.  The location issue will be investigated to better understand the roof top location impact on maintenance access and operation.

· Exterior Crane
The current design assumes that a mobile crane will be used to access the removable hatch that serves the underground portion of the area downstream of the Production Solenoid.  Under consideration is the use of an exterior crane supported on fixed runway to serve this area.
[bookmark: _Toc166637628]Risks
Approximately 35 risks have been identified for the Conventional Construction subsystem. Most of the risks are those typically seen with construction projects of this size and complexity including the risk of cost overruns, unforeseen subsurface conditions, stakeholder requirement changes, and delays in the CD process. 

Based on the ranking criteria of the Mu2e project, none of the identified risks have an overall ranking of “high”. A complete listing of the risks for the Conventional Construction can be found in reference [3].

The top ranked risks include significant “cost overrun” or “cost underrun” due to market conditions, or material costs and the inadequate capacity in the ICW and electrical power 15 KV feeder systems.  

Cost overrun is an accepted risk that will be carefully considered and monitored during subsequent design phases with a focus on the regional and local labor markets.  Construction proposals received at Fermilab are trended to help understand potential costs impacts on projects. During the Final Design phase the project will identify possible scope reduction or enhancements and likely issue the request for proposal with several “deduct” options in order to align the costs with the project goals.  

Costs have been associated with the identified risk threats as well as opportunities and are considered in the determination of the cost estimates lower and upper bounds.
[bookmark: _Toc166637629]ES&H
As with all Fermilab projects, environmental, safety and health will be integrated into all aspects of the Conventional Construction subproject. The primary set of building construction codes used to review the design of Mu2e project will be the International Building Code (IBC) – 2009 Edition, including all referenced Codes within the IBC, and the 2009 version of National Fire Protection Association “Life Safety Code” (NFPA 101). All other applicable NFPA documents will be used to evaluate specific design features of Mu2e for compliance. The Mu2e facility will be classified by IBC as a Business Occupancy and by NFPA 101 as General Industrial Occupancy. 
[bookmark: _Toc166637630]Fire Protection Assessment
The purpose of the Fire Protection Assessment (FPA) is to comprehensively and qualitatively assess the risk from fire within the proposed Mu2e facility and to ensure that all DOE and Fermilab fire safety regulations are met. The FPA documents the overall design features of the facility and evaluates them against the applicable codes, standards, orders, and directives. DOE fire protection criteria are outlined in DOE Order 420.1B and DOE Standard 1066. The FPA includes identification of the risks from fire and related hazards (direct flame, hot gases, smoke migration, fire-fighting water damage, etc.) in relation to the designed fire safety features to assure that the facility can be safely controlled and stabilized during and after a fire.  The FPA will be updated as the design of the Mu2e facility evolves.
[bookmark: _Toc166637631]Hazard Analysis Approach
A principal component of an effective ES&H program is to ensure that all hazards have been properly identified and controlled through design and procedure. To ensure that these issues are understood at the conceptual phase, a Preliminary Hazards Analysis [4] has been conducted to identify potential hazards that could be encountered during the project’s construction and operational phases. 

Conventional construction hazards pose the potential for serious injury, death, and damage to equipment and schedule delays. Due to the preponderance of operational controls rather than design controls, the post mitigation risk will be relatively high even though the probability of occurrence will be significantly reduced.  Fermilab has a mature construction safety program with many recent experiences that provide input for future projects.  Lessons learned from these experiences combined with experience from other construction projects in the DOE complex will help manage the risk at the Mu2e facility. Typical construction hazards anticipated at the Mu2e construction site include:

· Site Clearing
· Excavation
· Work at elevations (steel, roofing)
· Utility interfaces, (electrical, steam, chilled water)
· Material Handling
· Misc. finishing work
· Weather related conditions
· Transition to Operations.

Site clearing and all excavation work will require planning and to work around utilities (e.g. electrical, steam, water) and other potential legacy systems so as to prevent unwelcome intrusions.

One of the keys to controlling construction risks is to ensure that safety requirements effectively flow down to subcontractors and that sufficient supervision of subcontractors is in place.  The subcontractors performing construction work at the Mu2e facility will be pre-qualified and each will develop a hazard analysis and a safety plan for the work to be done. These plans will comply with Fermilab and applicable OSHA requirements. Fermilab will appoint Construction Coordinator(s), who will oversee the subcontractor’s QA and ES&H programs in accordance with FESHM 7010. They will fulfill an auditory function to ensure that all work is carried out in accordance with the subcontractor’s ES&H and Quality Assurance plans.  Per FESHM Chapter 7010, the ES&H Section will appoint a construction safety expert, who is available to provide ES&H support for the Construction Coordinator. This individual will provide ES&H oversight of construction activities as well. The subcontractor will be required to have someone competent in appropriate safety procedures, with appropriate authority on site at all times while work is ongoing. The qualifications of this competent person will be commensurate with the hazards of the work activity in progress.  All subcontractors will undergo on-site training per NFPA 70E (for electrical workers) and Fermilab CSO training for all workers. All subcontractors will perform daily work planning.  All Construction Progress Meetings will have construction safety as a standing agenda item.  Subcontractors will perform and document toolbox safety meetings.  Daily safety inspection reports will be prepared by the contractor and Fermilab safety inspectors.  Safety performance will be assessed regularly and corrective action or incentive reduction assessed.

Any Fermilab employees or users seeking access to the construction site must have the appropriate safety training. The subcontractor will control access to the work areas and will set the minimum requirements for entry.  The subcontractor will establish a training program to meet these requirements.

The Mu2e design team will consider the relevant natural phenomena hazards. Those hazards of interest to this project include seismic events, flooding, high winds and snow loading.  All natural phenomena are normally considered to be ‘Low’ hazard.
[bookmark: _Toc166637632]Environmental
During the construction phase of the Mu2e facility the disposition of spoils from excavation, dust, noise, impacts on ground and surface water, chemical use, frequent transport of components, spills and disposal of waste are issues that must be addressed. A full National Environmental Policy Act (NEPA) review of the Mu2e facility will be performed prior to CD-2 to ensure that there are no significant impacts to the site, the surrounding waterways or wildlife.  It is anticipated that there will be concurrence that the project will conform to a categorical exclusion. 

Planning Resources Inc. has performed wetlands delineation around the proposed Mu2e site (Figure 6.13) [5]. The wetland delineation was conducted in accordance with the Interim Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Midwest Region (COE 2008) and the wetland delineation and reporting guidance provided by the Chicago District Corps of Engineers on 13 April 2010. The wetland delineation identified one high quality wetland and two wetlands associated with roadside storm water drainages, two sections of non-vegetated drainage way, one artificial pond/ditch and Indian Creek near the Mu2e site.  The Corps of Engineers has reviewed the results of the wetlands study and visited the project site and ascertained that the wetlands are non-jurisdictional.

As part of the wetland delineation a Floristic Quality Assessment (FQA) was conducted of the area surrounding the proposed Mu2e facility to determine the relative vegetative quality of each wetland. Plant species are given numerical values and species that are very specific to natural community rate higher values than those tolerant of a wider range of habitat conditions and disturbances. Taking into account the total number of species present a Floristic Quality Index (FQI) is calculated. These values may be used to compare the relative quality of a given area. If the Floristic Quality Index of an area registers in the middle 30s or higher, there is sufficient native character to be important in terms of a regional natural area perspective.  None of the surveyed areas had an FQI higher than 29.4.

[image: ]

Figure 6.13.  Surveyed Wetlands Map
Records from the Illinois Department of Natural Resources (IDNR) were searched to determine the presence of species over the past 3 years that have been identified by the State as threatened or endangered.  The Illinois Natural Heritage Database indicated four protected resources potentially near the project area.  The United States Fish and Wildlife Service (USFWS) technical assistance website was searched for federally listed threatened and endangered species. The USFWS lists two species in Kane County that are protected by the Endangered Species Act.  None of the identified species are expected to be impacted by the Mu2e facility.
[bookmark: _Toc166637633]Sustainability
The project scope incorporates sustainable design principals into all phases of planning, design and construction. Sustainability is broadly defined as the design and implementation of projects to simultaneously minimize their adverse environmental impacts, maximize occupants’ health and well-being, and improve bottom line, life cycle and economic performance.  The United States Green Building Council (USGBC) has developed the Leadership in Energy and Environmental Design (LEED) standard to provide guidance for builders who wish to incorporate sustainable elements into their projects. LEED for new construction (and remodeling) is a set of specific and quantifiable measures, each of which confers a credit towards certification of a project as a “LEED-certified” building.

Following DOE Order 430.2B, new construction and major renovation projects over $5M are required to achieve LEED-NC Gold certification whenever appropriate.  Projects that exceed the $5M threshold that are not appropriate for LEED certification, such as experimental and/or industrial buildings, must apply the principles of sustainability wherever appropriate and cost-effective and must describe the applied measures in project documents. The Mu2e Project cannot feasibly meet the Leadership in Energy and Environmental Design (LEED)-Gold certification due to the function and operation of the facility.  Specifically, the facility will not be occupied on a regular basis.  In lieu of LEED-Gold certification, the Project plans to utilize guiding principles and ASHRAE recommendations to meet sustainability goals.  
[bookmark: _Toc166637634]Quality Assurance and Quality Control
All aspects of this project will be periodically reviewed with regard to Quality Assurance issues from Conceptual Design through Close-out.  Design and construction documents are reviewed for appropriateness of the proposed systems, impacts on existing systems and operations, specific technical requirements to be incorporated into the design and compliance with best and required practices of the authority having jurisdiction. This review process will be completed in accordance with the applicable portions of the Fermilab Director’s Policy Manual, Section 10.  The following elements will be included in the design and construction effort:

· An identification of staff assigned to this project with a clear definition of responsibility levels as well as delineated lines of communication for exchange of information.
· Configuration management of design criteria and criteria changes and a record of all standards and codes used in the development of the criteria.
· Periodic review of design process, including drawings and specifications, to ensure compliance with accepted design criteria.
· Identification of underground utilities and facility interface points prior to the commencement of any construction in affected areas.
· Conformance to procedures regarding updates to the project plan and compliance with the approved construction schedule;
· Conformance to procedures regarding the review and approval of shop drawings, sampling results and other required submittals.
· Conformance to procedures for site inspection by Fermilab personnel to record construction progress and adherence to the approved contract documents.
· Verification of project completion, satisfactory system start-up and final project acceptance.

Comments that result from a Comment and Compliance Review will be entered into the electronic comment database. This will clearly document the names, organizations and dates of commenter’s for specific projects and allow for a formal tracking of comments.  All comments entered into the electronic database will elicit a response.
[bookmark: _Toc166637635]Value Management
A series of value management efforts have already resulted in a reduced footprint of the underground portion of the Mu2e Project. Reduction of the cosmic shielding from twelve (12) feet to three (3) feet above the detector, combined with elimination of the steel and shielding below the Production and Detector Solenoids allowed the base slab to be raised eighteen inches.  

The reduction of beam power on the Mu2e target has resulted in a reduction of the proton beam shielding requirements from twenty one (21) feet to sixteen (16) feet.  This facilitated a change in the beam optics at the diagnostic dump, midway down the Muon Campus External beamline, from a vertical bend downward to a horizontal bend.  This change in optics allowed the base slab to be raised an additional five and a half (5.5) feet, for a total reduction in depth of seven (7) feet, reducing the required excavation and concrete volumes. The reduction in beam power also reduced the need for additional shielding over the FAS Service Buildings and the elimination of fencing around the Debuncher Ring.

The reduced beam power and the associated elimination of the need for the PBar Accumulator Ring resulted in the re-programing of the CUB supplied LCW for use in the external Beamline and power supplies. 

It is anticipated that separate value management exercises will be conducted for various aspects of the Conventional Construction subproject as the Project moves forward. A function-oriented, systematic team approach will be applied to analyze and improve the value of the conventional facilities. The focus will be on reducing cost while achieving the same level of quality and performance.  Several value management studies are currently being considered and are listed below: 

· Optimization of technical system requirements to reduce life cycle costs.
· A cut and fill study to balance the amount of excavated material with the volume of overburden.
· A study to evaluate using existing spoils on the proposed Mu2e site for landscaping rather than moving it to another location.
· A study to add capacitors to reduce the power factor employed in the design of transformers and feeders.
· Reuse of Tevatron 1500 KVA transformers currently in the Tevatron Compressor Buildings.
· Elimination of the raised computer floor in the Electronic Room.
· Reuse of existing concrete shield blocks.
· Dedicated Mu2e chiller to provide chilled water.
· Upgrading the existing LCW system in CUB.
· Mu2e DSB HVAC modifications.
· Mu2e DSB high bay cooling unit location.
· Exterior crane to service the removable hatch.
[bookmark: _Toc166637636]References
[bookmark: _Ref164826353]T. Lackowski, “Mu2e Conventional Facilities Requirements,” Mu2e-doc-1088.
[bookmark: _Ref164826295]S. Dixon and T. Lackowski, “Project Definition Report,” Mu2e-doc-357.
[bookmark: _Ref164826433]M. Dinnon, “Risk Register,” Mu2e-doc-1463.
[bookmark: _Ref164826472]R. Ray, “Preliminary Hazard Analysis Document,” Mu2e-doc-675.
[bookmark: _Ref164826501]Planning Resources Inc., “Wetland Report,” Mu2e-doc-1286.

Fermi National Accelerator Laboratory

Mu2e Conceptual Design Report
		
image3.jpeg
&
8AF|

aiEsEROAD_

suBsTATION s\ | 2 -
7

NUMI DECAY
TUNNEL—

y‘ g A"ST{I)':IRCE

e

\TEV ENCLOSURE





image4.jpeg




image5.jpeg
ICTS 1O
N





image6.jpeg
DEID!DEI
Dooog

v





image7.jpeg




image8.png
=

'DETECTOR SERVICE BUILDING AND HALL - SNGLE LINE DIAGRAM TRANSFORMER Y-MU-28





image9.png
b Poctector Hall





image10.png




image11.png




image12.png




image13.jpeg




image1.png
!
=
B
8
B
2
7}
a
@
]
S
=





image2.jpeg




