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Chapter 5: Conventional Construction
[bookmark: _GoBack]Conventional Construction
Introduction
The existing Delivery Ring (DR), part of the reprogrammed Fermilab Antiproton Source, and 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 DR that would be suitable to house the Mu2e Experiment; therefore a new Mu2e conventional facility is required.  

The Mu2e Conventional Construction subproject includes the management, planning, design, and construction of a new detector hall, modifications to the existing Delivery Ring electrical and HVAC systems and interfaces to the infrastructure provided by the Muon Campus projects. The Conventional Construction scope includes the elements of work normally included in civil construction projects such as earthwork, utilities, structural concrete, structural steel, architectural cladding, finishes, roofing, plumbing, process piping, HVAC, fire protection, lighting and electrical systems.

Design and construction activities have been packaged into two (2) fixed price sub-contract packages, T&M activities and several directly procured items, as listed below.

· Mu2e Detector Hall
[image: ]The Mu2e Detector Hall is comprised of a shielded below grade structure that will house the Mu2e experimental apparatus and a grade level service building that will provide space for assembly and support functions. This Detector Hall is the largest component in Conventional Facilities subproject. A view of the grade level service building is shown in Figure 5.1.
[bookmark: _Ref249349003]Figure 5.1. Entry View of the Mu2e facility, looking northwest.

· Delivery Ring Upgrades  
To accommodate the increased beam power required for the Mu2e Experiment, the electrical power systems at the AP-30 enclosure must be upgraded. Additionally, there will be a reconfiguration of the Delivery Ring ventilation system to control the air discharge during the time required for activated particles to decay to acceptable discharge levels.

· Time and Material (T&M) Activities
The Extinction Monitor carrier pipes and part of the primary beam absorber will be installed by T&M after the majority of building settlement has occurred. T&M will be used for other items such as the FIRUS system and door access security systems.

· Direct Procured items
Several long-lead items will be procured separately and provided to the subcontractor or, in the case of the concrete shield blocks, to one of the other sub-projects for installation.  The items include the 30-ton overhead bridge cranes, the precast concrete shield blocks and the 15 kV electrical items such as the transformers, cable, switches, terminations and a stand by generator.

· Engineering, Design and Inspection
The final design, technical specifications and drawings for the Mu2e Detector Hall has been procured from the Architectural & Engineering (A&E) firm of Middough, Inc., a firm currently under master contract with Fermilab. The Delivery Ring modifications will be designed in-house. 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 runs from the CM to the Mu2e Project Manager.

· Muon Campus
The Muon Campus is a collection of General Plant Projects (GPP) and Accelerator Improvement Projects (AIP) that are required by both Mu2e and g-2. General Plant Projects include the M-4 and M-5 beamline enclosures connecting the Delivery Ring to the MC-1 (g-2) and Mu2e buildings, an addition to the MI-52 kicker building and the Industrial Cooling Water (ICW) extension to the A-0 Compressor Service Building for cryogenic compressor cooling. 
Requirements
Basis of Requirements
The requirements for the Mu2e Conventional Construction scope of work were developed from stakeholder input, organizational requirements and standards, and various requirements for safety and egress. The main source of stakeholder input was the other Mu2e subproject managers. Regularly scheduled meetings were held with the Mu2e Collaboration, Mu2e Technical Board, Mu2e Accelerator subproject leaders, Mu2e Solenoid subproject leaders, detector groups and the Mu2e Integration Group. The requirements employed in the design and construction of the Mu2e Conventional Construction is documented and controlled [1].

Based on the developed requirements and the Conceptual Design drawings, a two-day value engineering study was held with the Conventional Construction project team, representatives from several of the other Mu2e subprojects and discipline leads from the A&E. There were 62 proposals generated for the speculation list, 5 were found to be obvious cost savings, 22 had significant cost savings potential, 10 items were identified that increased performance, 7 items required additional evaluation by others on the project and 18 items were judged to provide no increase in value. After proposals were evaluated, those selected for implementation were incorporated into the requirements document and issued to the A&E [2].

The A&E firm provided documents for review at the 30, 60, 90 and 100 percent completion [3] levels. The 90% documents were issued for a Lab Wide Comment and Compliance Review. Space allocations for the technical components of the Mu2e apparatus were validated using 3D modeling tools. The A&E provided a cost estimate with each submittal, allowing for the cost impact of proposed changes to be understood and evaluated. 
Technical Design
Overview
The Mu2e Conventional Construction subproject is responsible for the design and construction of the Detector Hall and service spaces required to assemble, house and operate the technical components required for the Mu2e Experiment. The Mu2e Detector Hall is an industrial-type structure, similar to others on the Fermilab site, with a built up roof and metal siding on a braced structural steel frame, with a cast-in-place reinforced concrete structure under the majority of the building. Contract documents fully defining the scope and details of the project can be found in reference [3].

The scope of work for the Delivery Ring includes the addition of exhaust fans to the existing 1500 kva transformer circuit, routing of new power lines into the AP-30 enclosure and replacement of the existing 2000 Amp switchboard with a new 2500 Amp switchboard.
Site Work
The placement of the detector building on the Fermilab site is determined by the lattice of the beamline that transports protons to the Mu2e production target, located inside the Mu2e apparatus. The well-defined size and shape of the Mu2e apparatus drives much of the building design. The Mu2e facility, the MC-1 building housing the g-2 experiment, the external beamline enclosure and the Delivery Ring form the nucleus of the Muon Campus, shown in Figure 5.2.
Mu2e
AP-10
MC-1

[bookmark: _Ref249359530]Figure 5.2. Muon Campus site plan, including the Mu2e building and the MC-1 building for the g-2 experiment. Part of the Delivery Ring is shown to the right.
The Mu2e building site is bounded on one side by a spoils pile, located west of the existing Kautz Road. Portions of Kautz Road will be eliminated between the South Booster Road and Giese Road and substantial portions of the existing spoils pile will be reshaped to allow for construction of the facility. Surface drainage ditches, swales and other structures have been designed to maintain the existing storm water flows through the site. Industrial Cooling Water (ICW), Domestic Water (DWS) and Natural Gas (G) are routed around the excavation to maintain service to the NuMi and Main Injector facilities with minimal interruptions. After completion of the below grade structure, underground installations of the various utilities, including Chilled Water (CW), Sanitary Sewer (SS), Domestic Water, ICW, Natural Gas, 13.8 kV electrical power and communications duct banks will be completed and backfilled. Final grading and seeding will stabilize any areas disturbed during construction. 

The site design provides paved access to the building for personnel and equipment and crushed stone hardstand access to exterior equipment hatches and exterior equipment. Crushed stone hardstands are provided for both exterior staging and access for emergency vehicles around the outside of the structure. 
Architectural / Structural DesignGrade Level
Lower Level

The details of the Detector Hall configuration are derived from the requirements for the experiment’s technical components. The facility is functionally divided between the shielded below-grade enclosure that houses the experimental apparatus and the grade-level service building that primarily provides support for the technical equipment below. An exploded view of the building, showing the two levels, appears in Figure 5.3. The primary beamline enclosure, provided as part of the Muon Campus scope, interfaces to the detector hall upstream of the Production Solenoid, as shown in Figure 5.3 and Figure 5.5. Sixteen feet of earth equivalent shielding is required between the primary beam and any areas that may be accessed by personnel when the beam is operating. This requires an above grade earth berm over the beamline and shielding between the beamline and the detector hall. The proton beam intersects the production target inside the Mu2e apparatus but a significant fraction of the beam is not absorbed by the target and continues on to a downstream absorber. Located above the absorber is a space to house the Extinction Monitor, part of the Mu2e detector that resides downstream of the production target and monitors the time structure of scattered protons. [bookmark: _Ref249364173]Figure 5.3. Exploded view of the Mu2e       detector hall.


The at-grade Detector Service Building will provide space for the various support services required for the Mu2e Experiment. The Mu2e Detector Service Building will be a braced frame, steel construction with prefinished metal siding and a built up roof system. The construction type and style will match that of other facilities at Fermilab. 

[image: ]Figure 5.4 provides a plan view of the Mu2e Detector Service Building that includes a high bay and an adjacent low bay. 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.   

[bookmark: _Ref249372869]Figure 5.4 Plan view of the Mu2e above-grade Detector Service Building containing a high bay and an adjacent low bay. The low bay includes a room for solenoid power supplies and cryo distribution, an electronics room and a room for building mechanical services.
A portion of the high bay, shown in the upper right hand corner of Figure 5.4, will be used as a loading dock as well as a space for housing beamline power supplies. During beam operations the access hatch will be covered with 6 feet of modular, precast concrete shielding blocks to limit radiation exposure to acceptable levels. During installation the hatch will be open. Temporary railings will provide fall protection. 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 low bay area will contain the spaces required to support the assembly, installation and operation of the Mu2e detector including a solenoid equipment room, a mechanical room for mechanical and electrical equipment, an electronics room, toilet rooms, janitor’s closet and exit stairs from the below grade enclosure. An elevator is provided for movement of personnel and equipment between levels. 

The solenoid equipment room size is based on criteria provided by the Solenoid subproject. It will house the electrical equipment to power the solenoids as well as parts of the cryo system. 

The Electronics Room will house the electronic racks for the solenoid controls and data acquisition system including the online processing farm, data 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. Clean, conditioned power will also be provided to this space. 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 detectors, 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 panel boards to distribute the incoming electrical power. The electrical switchgear will serve conventional facilities equipment, the experimental apparatus and the 480 V HVAC systems. Electrical panels serving the lights, outlets and general house power will be included in the electrical power distribution system.

The below-grade Detector Enclosure will consist of a cast-in-place concrete structure located below the Mu2e Detector Service Building.  The Detector Enclosure, shown in Figure 5.5, consists of the spaces required to house, support, assemble and install portions of the proton beamline, the Mu2e Solenoids and detector components as well as the detector support equipment. 

The Detector Enclosure is functionally divided into a Production Solenoid Vault, a Transport Solenoid Hall and a Detector Solenoid Hall. The proton beam enters the Production Solenoid Vault and strikes the Production Target inside the Production Solenoid. The area around the Production Solenoid is filled with concrete shielding. The Production Solenoid vault has the highest radiation levels in the Mu2e facility.
 

[bookmark: _Ref249448955]Figure 5.5 Plan view of the below grade Detector Enclosure.
[image: TDR Pictures.pptx.pdf]A shielded hatch that opens to the outdoors, just West of the Detector Service Building, allows access to the underground enclosure in the vicinity of the Production Solenoid. The Production Solenoid, Heat and Radiation Shield and Proton Beam Absorber components could be lowered into the enclosure through this hatch if necessary. Steel track plates embedded in the concrete slab of the detector enclosure will facilitate movement of these heavy loads and anchor components to the slab to resist the large magnetic forces generated by the solenoids. Adjacent to the Production Solenoid is a remote handling area that will house equipment necessary to remotely remove and replace the radioactive production target. Radiation levels in this room during beam operations exceed tolerable levels for the remote handling equipment, so a small shielding hatch extending to grade level is provided to lower remote handling equipment into place only when needed.   

The Transport Solenoid Hall contains the “S” shaped Transport Solenoid. The downstream half of the Transport Solenoid is surrounded on 3 sides by the Cosmic Ray Veto counters and it’s associated shielding. Figure 5.6 shows the location of the Transport Solenoid in the detector hall.

The Detector Solenoid Hall contains the Detector Solenoid that is surrounded on 3 sides and one end by the Cosmic Ray Veto and it’s associated shielding. Downstream of the Detector Solenoid is a detector staging area necessary initially for detector staging and installation and later for detector servicing. Figure 5.7 shows a longitudinal section [image: ]through the Detector Solenoid Hall.
[bookmark: _Ref249369365]Figure 5.6 A transverse section of the detector hall showing the layout of the Transport Solenoid.
[image: ]
[bookmark: _Ref249448681]Figure 5.7 Longitudinal section through the Detector Solenoid Hall.
The Transport Solenoid and the Detector Solenoid are sited under large access hatches that will normally be filled with precast concrete shielding. The two 30-ton bridge cranes in the high bay will be used for installation of material and equipment in these areas, including the Detector and Transport Solenoids, neutron shielding and the various detector elements.

The below grade structure is constructed of cast-in-place reinforced concrete. The concrete structure around the beamline enclosure and Production Solenoid vault form a box type structure. In the area under the high bay the walls cantilever from the base mat and counterforts are added to resist the earth loading on the walls. The force on the steel rebar in the concrete walls from the Solenoid magnetic field has been calculated and determined to add only a few pounds per square foot to the concrete structure. Track plates are embedded into the base mat to facilitate the installation of the solenoids and to anchor them in place. The support plates are designed to resist the massive magnetic forces between the solenoids. 

In addition to resisting earth loads, the counterforts support the high bay building columns and a support beam that carries the shield blocks. A ledge is designed into the top slab to carry six feet of concrete shielding.  During maintenance periods it is expected that large portions of the shield block area will be removed to allow access to the equipment below. The ledge is designed to support a total of 15 feet of shield blocks, allowing blocks to be stacked inside the service building rather than being rigged outside.

All exposed interior concrete surfaces will be painted to reduce dust and increase lighting efficiency. The exterior concrete surfaces will be moisture-proofed. In the areas around the Production Solenoid, Proton Beam Absorber and Extinction Monitor where activation levels are expected to be high a waterproofing system will be employed to insure a dry interior and minimize the development of nitric acid.

The size of each space in the Mu2e facility is listed in Table 5.1.
Mechanical Systems
The conventional facility mechanical systems are comprised of:

· HVAC (heating, ventilating and air conditioning) equipment for each space to maintain acceptable indoor environmental conditions and to meet the stakeholder requirements.
· Building plumbing (Domestic Water, Natural Gas, Sump system, Fire Sprinkler, Drainage and Sewer)
· Process Utilities for system heat rejection (Chilled Water).

Detailed information describing indoor conditions, airflows, and temperatures are listed in the Basis of Design Documents [4], the civil drawing set [3], as well as the Conventional Facilities requirements document [1].

Each of the indoor HVAC units utilizes individual single-zone variable air volume (VAV) systems. Each system will incorporate an air-handling unit with a chilled water-cooling coil and a natural gas heating furnace. An airside economizer mode will be employed with each HVAC system to allow free cooling without the need for chilled water when outside air temperatures are sufficiently low. The HVAC systems for the upper level spaces will provide slight pressurization relative to the lower level spaces. The pressure differential is intended to restrict the migration of activated air from the lower level detector and beamline enclosures during beam operations.

[bookmark: _Ref256161772]Table 5.1 Area of the various spaces in the Mu2e facility.
	
	Square Feet
	Square Meters

	Grade Level                                          Total
	12600
	1171

	Entry
	281
	26

	Planning Room and Toilets
	485
	45

	Mechanical Room
	975
	91

	Machine Shop
	360
	34

	Electronics Room
	630
	59

	Solenoid Power Supply Room
	2400
	223

	High Bay
	6390
	594

	
	
	

	Detector Enclosure                              Total
	9640
	896

	DS Hall
	4485
	417

	TS Hall
	890
	83

	PS Hall
	1010
	94

	Proton Absorber
	225
	21

	Extinction Monitor Hall
	540
	50

	Remote Handling Room
	980
	91

	Beamline
	1200
	112



The HVAC for the Electronics Room will utilize a constant-volume computer room air conditioning (CRAC) unit with chilled water cooling, electric heat / reheat, and an infrared humidifier.

An outdoor HVAC system will provide dehumidified 100% outside air to the Production Solenoid Vault through the absorber steel core. This air will eventually travel to the Beamline Enclosure and will be exhausted at a location between the MC-1 building and the Delivery Ring. The supply airflow is limited to about 900 cfm, matching the transit time of radionuclides prior to release to the atmosphere to their decay time. The required static pressure at the end of the supply duct is 2 inches of water column. To maintain the appropriate humidity levels, the spaces around the Production Solenoid Vault must be adequately sealed to minimize outdoor air infiltration, especially thru the hatch in the remote handling area. The walls and door between the Production Solenoid vault and the remote handling room, as well as the boundary between the Production Solenoid and Transport Solenoid must be sealed properly. 

The mechanical room is provided with ventilation, utilizing a sidewall ventilation fan and a relief opening to the outdoors, and is heated using a natural gas fired heater. Miscellaneous passageways and stairs associated with the lower level will not be air-conditioned but will include localized electric heat. Chilled water valve taps will be provided in the mechanical room for detector cooling and dehumidification systems.  Insulated chilled water piping will be routed to the remote handling room for vacuum pump cooling.

Ventilation equipment for the Oxygen Deficiency Hazard (ODH) safety systems shall be provided for the below-grade Detector Enclosure and the at-grade Solenoid Equipment Room. The control system will be designed and installed by the Fermilab Accelerator Division. The Solenoid Equipment Room will utilize a wall mounted exhaust fan to pull unconditioned ventilation air in through a wall louver in the case of an ODH alarm. The ODH ventilation systems serving the below-grade Detector Enclosure will include supply air systems, including indirect fired gas furnaces to temper the supply air during cold weather. No air conditioning will be included. The exhaust fans for all of these spaces will be direct drive and include non-motorized, gravity back draft dampers. The supply system’s louvers will include motorized automatic dampers. The system will engage upon receipt of a 24 V DC signal from an ODH sensor.

A Building Automation System (BAS) will control the building HVAC units. Building Automation Systems are centralized, interlinked, networks of hardware and software that monitor and control the building environment. While managing various building systems, the automation system ensures the operational performance of the facility as well as the comfort and safety of building occupants. The system can be scheduled, controlled and monitored by the FESS Operations Group. Chilled water, domestic water and natural gas usage will be monitored through the BAS to comply with the DOE guiding principles for Leadership in High Performance and Sustainable Buildings.
 
The HVAC system serving the Solenoid Equipment Room, High Bay and Detector Solenoid Vault are designed for the following modes of operation:  

· Experimental Mode: System will run whenever the experiment is running. Priority is pressurization then space conditioning. 
· Installation Mode (Occupied): System will run based on schedule. Pressurization is not a priority. Unit to maintain occupied setpoints and can be shut down if setpoints are met. This is the assumed mode of operation during the four or five years of installation, immediately following beneficial occupancy.
· Installation Mode (Unoccupied): System will run based on schedule. Pressurization is not a priority. Unit to maintain unoccupied set points and can be shut down if setpoints are met.

A summary of the mechanical systems in the Mu2e facility is presented in Table 5.2.
Plumbing
The building will be outfitted with two toilet rooms, (each with a water closet, lavatory and floor drain) and one janitor’s closet with mop basin and floor drain. An electric water cooler will be located just outside these rooms. Floor drains will also be provided in the upper mechanical room and at every HVAC location, except for the HVAC unit located in the high bay.  The plumbing fixtures at grade level will discharge to sanitary.  Floor drains will be positioned around the accessible areas of the lower level for incidental spills.  The water from the lower level floor drains will be directed to an isolated basin that can be tested and inspected.  If no contaminants are found then the water will be pumped to the underdrain sump basin for discharge, if contaminates are found, the water will be pumped into barrels and directed to the proper waste stream.  To collect the ground water perforated underdrain piping will be installed around the perimeter of the lower walls.  The underdrains will connect to two separated sump basins, one in the primary beam enclosure and on in the northeast corner of the DS Hall.  Each sump systems will be outfitted with duplex pumps, connected to the backup generator and alarms monitored by FIRUS.
Electrical
Two separate electrical systems will power the Mu2e facility. One will power the large loads for the experimental apparatus and the other will power the building and smaller experimental loads. This is shown in Figure 5.8. FESS Electrical Design Criteria will be used as a basis for the facility design.  Primary 13.8 kV electrical power from Feeder 24 will be extended from MC-1 and AP-10 facilities to the Mu2e facility. This will maintain a loop feed to allow for electrical system maintenance with minimal disruption throughout the Muon Campus. The power extension will include the construction of concrete encased duct banks, installation of 750 kcmil/15 kV primary conductor and 15 kV air switches.  The 15 kV four bay air switch located at the Mu2e building provides the connection between Feeder 24 and the disconnect switches for the building power transformers. An additional 15 kV disconnect switch is provided for the power transformer that supplies power to the solenoid and beamline power supplies.  This switch can be used as a lockout device for the technical equipment allowing for safe access during maintenance. 
1500 KVA Transformer
750 KVA Transformer
To New 4 Bay Air Switch at AP-10
To Existing 4 Bay Air Switch at MC-1
15 KV Switch
Mu2e 4 Bay Air Switch
House Power
Solenoid and Beamline Power Supplies
13.8 kV – 277Y/480V Transformers

















[bookmark: _Ref256163193]Figure 5.8 Primary Power distribution scheme for the Mu2e facility.

The building power transformers are located away from the building on a concrete pad with oil containment. Two 13.8 kV–277Y/480 Volt power transformers are to be installed, one 1500 KVA and one 750 KVA. The 1500 KVA power transformer will power the solenoids power supplies, beamline power supplies and other experimental apparatus.  It has been sized based on stakeholder requirements with an adequate safety factor and will be recycled from the decommissioned TeVatron program. The 750 KVA power transformer will be purchased new and is sized based on the estimated loads of all other building equipment.

A 175 KW standby diesel generator will be installed on a concrete pad adjacent to the transformers. The generator fuel tank will have a double wall construction with leak detection. An automatic transfer switch is provided to switch loads to the generator upon normal power failure. The loads connected to the standby system include ODH protection equipment, elevator, sump pumps, cranes, and uninterruptable power supply (UPS) for emergency lighting and exiting signs.

[bookmark: _Ref257557333]Table 5.2 Summary of mechanical systems in the various spaces of the Mu2e facility.
	Space
	Mechanical
	Process Utilities
	ODH 
	Dependencies

	High Bay
	HVAC
	Chilled water for RAW skid
	 
	Sealing of blocks in the center space

	Planning Room and entry way
	HVAC
	 
	 
	 

	Upper Mechanical Room
	Ventilation & Heating
	Chilled water for Tracker Cooling
	 
	Sealing of utility chase

	Solenoid Equipment Room
	HVAC
	 
	ODH ventilation equipment 
	Sealing of utility chase

	DS Hall
	HVAC
	 
	ODH ventilation equipment 
	Sealing of blocks in the center space

	Lower Mechanical Room
	HVAC
	Chilled Water for dehumidifier
	 
	Sealing of utility chase

	Electronics Room
	HVAC & humidification
	 
	 
	 

	PS Vault
	Dry Outdoor Air Supply thru Absorber
	 
	ODH ventilation equipment 
	Supply duct interface to absorber.
Wall separation between TS & PS / Wall separation between PS & remote handling

	Beamline Tunnel
	Ventilation Exhaust from MC tunnel
	 
	 
	 

	Extinction Monitor
	100cfm dry OA
	 
	 
	Duct continuation

	Remote Handling
	Heating only
	Chilled Water for Vacuum Pumps
	 
	Sealing of door between PS and ext. monitor

	Stairways
	Heating only
	 
	 
	 




The power for the experimental apparatus is distributed by a 277Y/480V – 2,000 amp switchboard located in the Solenoid Equipment Room. This switchboard directly feeds the power supplies in that room as well as two additional panel boards for beamline power supplies in the high bay. The switchboard will be reclaimed from the decommissioned TeVatron and refurbished for use by Mu2e.

The power for the remaining building loads is provided by a 277Y/480V - 1,200 amp panel board. From this panel board, power is distributed to sub-panel boards and dry type transformers that serve loads throughout the facility. Convenience receptacles will be provided throughout the building.  In areas with technical equipment, quad 120 V and dual 3 phase 208 V receptacles are provided. Welding receptacles providing 60 amps at 480 V are positioned throughout the building. 

A central lighting control panel is provided to manage the building’s lighting system.  All switching of the lights will be done through this panel via local low voltage switches.  The lighting system in the building’s upper level is primarily fluorescent light fixtures.  Emergency lighting on the grade level is provided by fixtures with individual 90 minute battery packs.  Each emergency ballast is self-testing to comply with NFPA standards.  These fixtures will connect to the generator and also configured as night lighting.  In order to tolerate radiation exposure, the lower level lighting system is primarily incandescent light fixtures. Emergency lighting in the lower level is connected to an Uninterruptable Power Supply (UPS). The UPS will provide power to the designated emergency lights for a minimum of 90 minutes. The UPS is also connected to the standby generator for additional back up time. Table 5.3 lists the lighting levels provided in the various areas of the building.

Data and telecom services will also be routed to the facility. Receptacles for the data/telecom services will be located throughout the building. Each data/telecom receptacle will have two 1” conduits that extend above the ceiling for wiring. Alarm system conduits are installed for wiring from the various alarm stations to a junction box located above the Security Control Panel and FIRUS alarm panel.

Cable trays will be provided along the beamline. The trays will be 18” x 4” and mounted to the ceiling embedded channel inserts.
Life Safety 
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 were 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. The 2009 International Building Code (IBC) classifies this facility as a Use Group F-2 (Low Hazard Factory Industrial occupancies.  NFPA 101, Life Safety Code, 2009 Edition classifies this facility as an Industrial Occupancy – Special.   The single story building height of approximately 35 feet and area of approximately 12,500 sq. ft. are below the limits set-forth by IBC for Business Occupancy. The above ground building will be constructed of Type IIB materials and the underground portion will be constructed of Type I materials.  

[bookmark: _Ref249497713]Table 5.3 Lighting levels in the various spaces in the Mu2e facility.
	Area Description
	Service luminance (foot-candles)

	Receiving/Staging, high bay
	75

	Electronic/Data acquisition room
	50

	Solenoid and Power supply room
	50

	Mechanical and Electrical room
	30

	Temporary machine shop
	75

	Planning room
	50

	Detector solenoid area
	40

	Transport solenoid area
	30

	Production Solenoid area/Primary Absorber
	40

	M-5 beamline Enclosure area/Tunnel/Exit passage
	20

	Remote handling area
	20

	Elevator equipment room
	30

	Elevator lobby
	20

	Corridor / Entry / Vestibule
	20

	Stairs
	10

	Toilet room
	20

	Means of egress during emergency
	1



Mu2e Fire Protection 
The maximum distance to an exit will not exceed 300 feet, in accordance with IBC and NFPA 101 regulations. Dead corridors will not exceed 50 feet. All corridors and aisles will be a minimum of 36 inches wide. The facility does not require a smoke control system, based on the depth of the enclosure and the time required to exit the building. Means of egress illumination and exit signage will be provided with at least 90 minutes of operation on emergency power. The elevator car lighting will also be operational for 90 minutes on emergency power.

All wall and ceiling finishes, along with movable partitions, will be Class A with a flame spread rating not to exceed 25 and a smoke development index not to exceed 50.
[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 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 has be updated as the design of the Mu2e facility has evolved. 

The Mu2e site will be provided with two fire hydrants, spaced in accordance with NFPA 1 Fire Code regulations. The transformers will be located 25-feet away from the building and any combustable materials. There is dedicated access for fire department equipment and direct access to the fire sprinkler connection. Fire detection will be distributed throughout the facility. The above-grade building will be protected with a wet-type automatic sprinkler system. Manual pull stations will be provided at all exits. Portable fire extinguishers will be located throughout the facility in accordance with NFPA 10. The underground Detector Enclosure will be protected throughout with a pre-action (dry-type) automatic sprinkler system and monitored with an air sampling type smoke detection system. The pre-action sprinkler system requires dual action for water release. First, the detection system must identify a developing fire and open the pre-action valve. This allows water to flow into the system piping, which effectively creates a wet pipe sprinkler system. Second, individual sprinkler heads must release to permit water flow onto the fire. In addition, 2.5-inch fire hose connection valves will be available throughout the facility for use by the Fire Department. The building fire alarm system will be monitored by Fermilab’s site-wide Facility Incident Reporting Utility System.
[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. Conventional construction hazards pose the potential for serious injury, death, and damage to equipment and property. 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 facility site include:

· Site Clearing
· Excavation
· Work at elevations (steel, roofing)
· Utility interfaces, (electrical, ICW, DWS, Storm Sewer, Sewer, chilled water)
· Material Handling
· Finishing work
· Weather related conditions
· Transition to Operations.

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 ESH&Q 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 ESH&Q Section will appoint a construction safety expert, who is available to provide ESH&Q support for the Construction Coordinator. This individual will provide ESH&Q 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 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 inspections will be performed by the subcontractor and Fermilab Construction Coordinators.  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 has considered 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 probability hazards.
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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 are addressed in the contract documents. 

A full National Environmental Policy Act (NEPA) review of the Mu2e facility was performed in 2012 to ensure that there are no significant impacts to the site, the surrounding waterways or wildlife. A Categorical exclusion was granted and signed into effect on June 12, 2012. Fermilab has developed a Storm Water Pollution Prevention Plan (SWPPP) and submitted a Notice of Intent (NOI) to the IEPA to obtain a project specific permit issued under the Laboratory’s General National Pollutant Discharge Elimination System (NPDES) Permit No. ILR10, issued from the IEPA to Fermilab for construction site activities. All sub-tier sub-contractors are required to sign and adhere to the provisions of the SWPPP. Domestic water and wastewater permits to construct have been submitted for approval.
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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. Projects that exceed the $5M threshold that are not appropriate for Leadership in Energy & Environmental Design (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 utilizes the guiding principles and American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) recommendations to meet sustainability goals.  
Risks
Most of the risks associated with the Mu2e Conventional Construction sub-project 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 Critical Decision process. Based on the ranking criteria defined in the Mu2e Project’s Risk Management Plan [5], none of the identified risks have an overall ranking of “high”.  A complete listing of the risks for Conventional Construction can be found in reference [6]. The top four ranked risks/opportunities at CD-1 included significant injury or death associated with conventional construction, cost overrun or underrun (opportunity) due to market conditions and inadequate capacity in the 15 kV electrical feeder systems.  The risk associated with the overall cost will be retired when bids for the civil construction contract are received in the Fall of 2014. The risk of exceeding the capacity of the 15 kV feeder has been transferred and accepted by the Muon Campus.
Quality Assurance
The construction subcontractor is responsible for all activities necessary to manage, plan and safely execute the activities associated with construction of the Mu2e facility, formally described in the scope-of-work section of contract documents. The Subcontractor’s responsibilities include Quality Control of all work performed by the Subcontractor, suppliers, sub-tier contractors and consultants. This includes safety, submittal management, testing and inspection, and all other functions necessary to provide for quality construction that satisfies the Mu2e requirements and specifications.

Quality Assurance principles [7] will be applied to all aspects of Conventional Construction. Periodic Quality Assurance reviews of the entire project will be conducted from inception through closeout. Design and construction documents will be reviewed for appropriateness of the proposed systems, impact on existing systems, impact on operations, specific technical requirements and code compliance and compliance with best practices. This review process will be completed in accordance with the applicable portions of the Fermilab Director’s Policy Manual, Section 10 [8]. The following elements will be included in the design and construction effort:

· 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 the design process, including drawings and specifications, to ensure compliance with accepted design criteria.
· Identification of underground utilities and facility interface points prior to initiation of construction activities 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 an electronic database. This will clearly document the names, organizations and dates associated with comments and findings for specific projects and allow for formal tracking of comments.  All comments entered into the electronic database will elicit a response.
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