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The PIP-II conventional facilities will house the accelerator components and support equipment required to install and operate the PIP-II linac and transfer line.  The Conventional Facilities portion of the project includes the management, planning, design and construction of new structures, buildings and utilities as well as modifications to existing structures required to install and operate the PIP-II accelerator.
The PIP-II conventional facilities 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, heating ventilation and air conditioning (HVAC) , fire protection, fire detection, lighting and electrical.  This also includes the work required to extend the utilities to the project site, excavation associated with the below grade cast-in-place concrete enclosures, creation of a shielding berm and site restoration.
The PIP-II conventional facilities will consist of the following four (4) functional areas:
1. Site Work
The Site Work consists of the extension of existing utilities to the PIP-II site, wetland mitigation, roadwork and parking area, hardstands, storage tank foundations and related work to provide the supporting infrastructure.
2. Linac
The Linac functional area consists of the below grade Linac Enclosure and the associated above grade Linac Support Building.  The Linac Enclosure will house the PIP-II accelerator components as well as provide space for support functions.  The Linac Support building will run parallel to the below grade Linac Enclosure and house the components required to operate the PIP-II accelerator.  The Linac Support Building includes a high bay service building with a loading dock and related services to accommodate the installation and servicing of beamline components.   The Linac Support building will also accommodate visitor tours as part of the Fermilab outreach program.
3. Transport Line
The Transport Line functional area includes the below grade enclosures to house the beamline components required to transport the proton beam from the new Linac Enclosure to the existing Booster Enclosure and includes the conventional construction work required to cross the existing Main Ring tunnel as well as the work required to transport the beam into the existing Booster accelerator enclosure. This functional area also includes the space and equipment to house the Beam Absorber.  
4. Cryogenics Plant
This functional area consists of the conventional construction required to install, house and operate the cryogenic plant to support PIP-II accelerator operations.
The scope of the conventional facilities portion of the PIP-II project will be realized through several design and construction packages.  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 optimize the construction packaging based on programmatic and funding limitations. The design methodology and construction means and methods for the conventional facilities work are expected to be similar to that which has been employed on the Fermilab site for decades.

Siting 
The location of the PIP-II facility is driven primarily by the physics requirement for close proximity to the existing Booster accelerator (see figure XX) and access to existing infrastructure.  The location in the Main Ring infield allows direct access to existing electrical, water, and cryogenic infrastructure currently located in the vicinity.  In addition, the Main Ring infield location is well suited to extensions of chilled water service from the existing Central Utility Building (CUB).  At the same time, the Main Ring infield location provides space future expansion opportunities.

Figure 1 here

The siting of PIP-II facility was chosen to minimize the impact to existing known wetlands within the Main Ring infield as well as conform to the 2015 Fermilab Campus Master Plan [1] which has designated the area east of Wilson Hall as the Superconducting Linac Complex.
Surface construction for the PIP-II facility includes new buildings, site improvements, roadwork and parking to allow access from the Fermilab Central Campus. 
Underground construction includes the Linac Enclosure, the Transfer Line enclosure, and Beam Absorber enclosure.  The Linac enclosure is sited at the same elevation as the Booster and the Main Ring tunnel.  The Transfer Line enclosure crosses the Main Ring tunnel which holds the existing 120 GeV transfer line to the Fixed Target Area Switchyard.  The Fixed Target program is assumed to continue, the PIP-II Transfer Line will rise up and over the existing 120 GeV line as it crosses the Main Ring tunnel on the way to the Booster.  

Requirements 
The requirements for the PIP-II conventional facilities scope of work were developed from stakeholder input, organization processes and enterprise assets. The main sources of stakeholder inputs are the other subproject managers gathered from regularly scheduled meetings. The requirements employed in the design and construction of the PIP-II conventional facilities documented in the PIP-II document database [1].  
Organizational Processes
Organizational Processes provide institutional requirements for the design, construction and operations of all projects built and operated at Fermilab.  For the PIP-II conventional facilities these requirements are derived from the Policies and Procedures of the Fermilab 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 (verify).
· 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 the Fermilab ES&H Manual (FESHM)
· Fermilab Director’s Policy Manual (http://www.fnal.gov/directorate/Policy_Manual.html)
· Fermilab Engineering Manual (http://www.fnal.gov/directorate/documents/FNAL_Engineering_Manual.pdf)

Enterprise Standards
Enterprise standards from regulatory agencies, code bodies and trade organizations also provide requirements for the design and construction of the PIP-II conventional facilities. 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
· 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
· 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



Performance Requirements
The performance requirements listed below describe the project specific requirements that exceed or are not addressed in the applicable building codes and standards requirements contained in Organizational Process or Enterprise Standards listed above.  
5.1.1.1.1. Architectural Considerations
The design of the above grade buildings will be developed based on the 2015 Fermilab Campus Master Plan [2] including the desire that “New buildings and structures should be designed to be fresh, inviting, innovative, dynamic and forward-looking.”  To this end, the buildings will incorporate the appropriate portions of the design guidelines including:
· Entrances and ground floors that are welcoming;
· Entrances that are evident in the daytime and at night;
· The ground floor will emphasize transparency;
· Service and utilities areas will be located so as to not negatively affect pedestrian paths or building entrances;
5.1.1.1.2. Civil Construction
Open cut excavation techniques are anticipated for the construction of the below grade enclosures.  After the concrete enclosure is constructed and damp proofed the enclosures will be backfilled using stone around the enclosure, followed by suitable clays and silts, covered with topsoil and seeded.  Berms will be constructed using maintainable 3:H to 1:V slopes.  
5.1.1.1.3. Structural Systems
The structural systems for the PIP-II conventional facilities are expected to be constructed utilizing conventional methods similar to systems utilized at Fermilab over the past 40 years.
Below grade enclosures will be constructed of a cast-in-place concrete, including base, wall and roof slabs.  An alternate construction method utilizing precast concrete sections will be investigated during subsequent design phases.  These enclosures will be designed to support the shielding loads.
The above grade buildings will be a braced steel frame with pre-finished metal siding with structural steel designed to accommodate overhead bridge cranes.
The structural systems for the Warm Compressor Station of the Cryogenics Plant will require vibration isolation in order to avoid impacting the operation of the Linac.  The ground motion criteria will be based on Engineering Note: LCLSII-4.8-EN-0326-R0 titled “Vibration Measurements at the JLAB Cryoplant and Linac [3]
5.1.1.1.4. Mechanical Systems
The HVAC systems for the PIP-II surface building will conform to ASHRAE 90.1, ASHRAE 62, applicable NFPA requirements and applicable sections of the Fermilab Engineering Standards Manual
Mechanical systems and building automation systems controls will be designed based on Fermilab standards and in accordance with ASHRAE 90.1.
All plumbing work to be designed in accordance with Illinois Plumbing Code and Standard Specifications for Water & Sewer Main Construction in Illinois.
Chilled Water (CHW) will be used to provide a cooling medium for the mechanical equipment used to cool the heat load rejected to air in Pulsed Mode housed in the gallery of the Linac Support Building under pulsed mode linac operations. This system will condition the Linac Service Building utilizing ducted air handling units and be fed from above the space.  The source of the CHW will be the existing chillers in Central Utility Building (CUB) which will be extended to the PIP-II project site.  Currently, the CHW system has limited capacity to accommodate PIP-II.  However, design changes and other uses of CHW from CUB could reduce the capacity which would require the installation of additional chillers.
In order to provide cooling under continuous wave linac operations, a supplemental system based on refrigerant cooling medium will be used to supplement the CHW system used under pulsed mode linac operations.  This refrigerant system is based on a modular design that will supply cold air to a below floor plenum system or a bottom discharge air system.
Industrial Cooling Water (ICW) will be used to provide a cooling medium for the cryogenic compressors housed in the Warm Compressor Station of the Cryogenics Plant.  The existing site wide ICW will be extended to the PIP-II project site where it will be strained/filtered to achieve the PIP-II water quality requirements.  The ICW will be discharged into a new return ditch and routed to existing return routes to Casey’s Pond.
A series of evaporative fluid coolers will be used to provide a cooling medium for the Low Conductivity Water (LCW) system without the use of chillers.  This modular design approach will provide the direct cooling of the LCW system without the need for a heat exchanger or cooling ponds.
	Heating, Ventilation and Air Conditioning Design Parameters:[image: ]


5.1.1.1.5. Electrical Systems
The electrical power for PIP-II facility will be provided by extending the existing site wide 13.8 feeder system to the project site in new concrete encased power duct bank.

5.1.1.1.6. Fire Protection Systems
Fire Alarm/Fire Suppression systems will be designed in accordance with the applicable sections of the Fermilab Engineering Standards Manual.
Automatic sprinkler systems will be designed to a minimum of an Ordinary Hazard Group 2 classification, in accordance with National Fire Protection Association (NFPA) latest edition. The most commonly used NFPA standards relative to automatic sprinkler systems are: 13, 20, 25, 318 and 750.  Automatic sprinklers will be installed in buildings.  Automatic sprinklers are not required in the enclosures or vertical exit passageways, based on the Main Injector Life Safety Fire Protection Analysis.  This assumption will be validated during subsequent design phases by life safety consultants.
The below grade enclosures will be designed to allow for safe passage of personnel through the enclosure during operations and installation.  Egress shall be spaced so that travel distances are no greater than 300 feet where there are two paths of travel to an exit and no more than 50 feet where there is a single path of travel to a vertical exit.   Doors will be located at the enclosure levels at each exit but since the vertical distance to the exit discharge is less than thirty feet double doors are not required.  All exits from below grade enclosures will lead to an exit discharge without requiring travel through a building.
Fire alarm systems will be designed with a minimum standby power (battery) capacity. These batteries will be 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, 90A, and 318.  Manual pull stations and alarm notifications will be provided in enclosures and buildings.  In addition, fire extinguishers will be provided in accordance with FESHM Chapter series 6000.
The facility will be equipped with a hard-wired, zoned, general evacuation fire alarm system consisting of:
· Manual fire alarm stations at the building exits
· Sprinkler system water flow and valve supervisory devices
· Combination fire alarm horn/strobe located throughout the building
· A 24 volt addressable fire alarm control panel
· Connection to the site wide FIRUS monitoring system
· Smoke detection as required.

5.1.1.1.7. High Performance Sustainable Buildings
Fermilab is committed to designing, locating, constructing, maintaining and operating its facilities in an energy efficient and sustainable manner that strives to achieve a balance that will realize maximum attainable reuse and recycling of depletable resources, in an economically viable manner and consistent with Fermilab’s mission and goals.  To accomplish this end, Fermilab complies with Guiding Principles for the Federal Leadership in High Performance and Sustainable Buildings (Guiding Principles). This direction is taken from the Fermilab Director’s Policy 3.  The project goal is to comply with the DOE’s Guiding Principles for High Performance and Sustainable Buildings.

Conventional Facilities Scope
The description of the scope of work for the PIP-II conventional facilities are listed below by functional area.
5.1.2.  Site Work Scope 
The site work includes wetland mitigation, roadwork and parking area, hardstands, storage tank foundations and related work to provide the supporting infrastructure for PIP-II.
The Main Ring infield has known wetlands which have influenced the siting of the PIP-II facilities.  These wetlands were delineated and characterized in 2010.[2]  In the spring of 2016, these wetlands were revisited to further refine the location and impact of PIP-II.  Every effort will be made to avoid the impact on these existing wetlands and minimize unavoidable impacts during both the construction period as well as during operation of the new facility.  Wetland delineation of the project area and project plans will be submitted to the U.S. Army Corps of Engineers to determine if a permit would be required under Section 404 of the Clean Water Act.  The mitigation strategy, if needed, is to purchase suitable wetland credits for those areas of unavoidable impact.
The existing Booster Tower Road will be relocated to the south in order to allow for the installation of the Transport Line and associated shielding.  This relocated road will cross the Main Ring and intersect the existing Main Ring Road north of the existing F3 service building.
A new access road will provide vehicular access to the PIP-II facility from existing Fermilab roads.  This 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 the existing Main Ring Road at two (2) locations to prevent dead-ends.  Paved parking will be provided for 12  vehicles at the facility along with a gravel hardstand that will provide a staging area during installation.  A paved approach to the at-grade loading dock with suitable truck maneuvering space will is provided.
The existing AZero cooling pond is currently used for cooling existing beamline components in the Main Ring tunnel as well as a return path for Industrial Cooling Water (ICW) discharge from cryogenic loads in the AZero service building.   Given the existing use, the cooling pond may be incorporated into the design of PIP-II to provide a cooling medium for the Low Conductivity Water (LCW) process load heat exchangers. This will include a modernization of the pond banks and the installation of modern pumping equipment.
The extension of existing Fermilab utilities to the PIP-II site.  These utilities include Industrial Cooling Water (ICW), Domestic Water Service (DWS), Natural Gas (Gas), Chilled Water (CHW), Sanitary Sewer (SS), data/communication and electrical power.  Figure 2, below indicates the location of existing utilities in the vicinity of the PIP-II site.

(Figure 2 here)

The ICW service will be extended from the existing lines located near the intersection of Booster Tower Road and Main Ring Road.  The existing site wide ICW service is fed from Casey’s Pond at the north end of the Fermilab site where it is filtered and treated as it is pumped into the piping network.  This service is anticipated to supply 1,400 gallons per minute of treated ICW to provide fire protection in the sprinkler system and hydrants as well as serve as a cooling medium for the cryogenic compressors.  The ICW discharge will be piped west of the Main Ring tunnel so that will flow to Casey’s Pond via existing cooling ponds and return ditches.
The existing DWS service will be extended from the intersection of Booster Tower Road near the Central Utility Building (CUB) to provide potable water uses and make up water for process systems.
PIP-II will connect to the existing SS system at Booster Tower Road near CUB.  The PIP-II SS system will accommodate discharges from the toilet facilities as well as backwash from process loads.  A new lift station at the PIP-II facility will collect the sanitary discharge locally and pump it via a force main to a new manhole installed in the existing SS system.
The existing NG service will be extended from the existing site wide network at Booster Tower Road near CUB.  The NG will provide a fuel source for HVAC heating.
The existing CUB chillers have the capacity to supply 300 tons (verify) of CHW to PIP-II for cooling.  Connection to the CHW Supply and CHW Return lines will be made near Booster Tower Road near CUB and be routed to PIP-II.
Radioactive Water (RAW) systems will be utilized for the programmatic equipment in the Beam Absorber. The RAW system, based on existing Fermilab system designs, will be isolated from surface water and will reject the heat to the ICW system. The design, procurement and installation of the RAW systems are included in the accelerator portion of the project.
The existing 13.8 KV sitewide electrical feeder system will be extended to PIP-II to provide a looped feed served primarily from the Master Substation (MSS).  A backup up feeder, capable of powering critical portions of PIP-II will be served from the existing Kautz Road Substation (KRS).  Connection to the MSS network will be accomplished at manhole P71 in the Main Ring and installed in a new concrete encased ductbank to the PIP-II site.  A new substation, consisting of transformers, air switches and related electrical gear will be installed adjacent to the PIP-II Linac Service Building and the Cryogenics Plant.
The existing data and communication system will be extended in new duct banks to PIP-II from existing below grade ductbanks along the Main Ring Road.
5.1.3. Linac
The Linac work includes the below grade, cast-in-place concrete Linac Enclosure and the above grade Linac Support Building.
The above grade and below grade portions of the Linac will be designed to include egress, construction type, emergency lighting, exit signage and smoke control ventilation in accordance with the IBC (International Building Code) and NFPA.  Automatic sprinkler systems for the Linac Support Building will comply with the standards for an Ordinary Hazard Group 1 classification, in accordance with latest edition of the National Fire Protection Association’s (NFPA) Codes and Standards. 
The below grade Linac Enclosure is sized to accommodate the length of a 0.8 GeV linac of 181 meter (594 feet) along with modest space to accommodate a possible future upgrade of the Linac energy through the installation of four (4) HB650 cryomodules.  
The Linac Enclosure will provide space for the linac hardware, penetrations for utilities (power, water, cryogens) and cabling, as well as for equipment installation and maintenance.   The Linac Enclosure will also accommodate the logistics of installation, repair and removal of beamline components and related support equipment.   Figure 3, below, depicts a typical cross section through the Linac Enclosure showing the space required to accommodate the beamline components as well as the space required for installation.

(Figure 3 here)

The depth below grade of the Linac Enclosure is based on the beamline components matching the elevation of the existing Booster component elevation. This places the base slab of the Linac Enclosure at elevation 722’ or approximately 25 feet below existing grade.  
The below grade enclosure will have code compliance exit stairways provided to conform to the required maximum distance to an exit.  These exit stairs will be configured to maintain the shielding requirements.  Fire detection will be via air sampling and line type sensors.   
The interior walls and ceiling of the Linac Enclosure will be painted and the exterior 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 duplex sumps that will discharge water to grade and away from the structure.  
The walls and ceiling of the Linac Enclosure will be fitted with channel inserts to allow for the support of cable trays, cooling water, electrical conduits and fire detection equipment.   Convenience outlets, 120/208VAC, will be provided at least every sixty 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 uninterruptible power supply (UPS) circuits to provide emergency lighting during power failures.  
The Linac Enclosure will be ventilated with neutral, dehumidified air as required by code.  The underground air flow will include the provision for Oxygen Deficiency Hazard (ODH) ventilation. 
The south (downstream) end of the Linac Enclosure will include an elevator to accommodate the movement of the test carts, diagnostic equipment and related items that are needed for Linac operations and maintenance.
The design of the Linac Enclosure will accommodate 7.5 meters (24.5 feet) of earth equivalent passive shielding in order to achieve an unlimited occupancy of the Linac Service Building and surrounding spaces.  In general this will be accomplished with an earthen berm with maintainable side slopes.  For road crossings and areas where berms are not feasible, the design will utilize steel plates to achieve the required equivalent shielding. The 7.5 meters (24.5 feet) of shielding is based on a preliminary assessment which will be finalized during final design. Shielding documentation will be prepared and initial approval for construction obtained prior to the start of construction.
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 of a similar depth and use.
The Linac Support Building will provide space for the support services required to install, operate and maintain the PIP-II beamline components.  The Linac Support Building contains three (3) spaces as described below:
High Bay:  The high bay portion of the Linac Support Building will provide space for unloading, staging and assembling beamline components.  This includes an at-grade loading dock with a 30 ton overhead bridge crane for moving equipment from grade to the below grade portion of the high bay. 
The below grade portion of the high will be sized to accommodate the low energy portion of the PIP-II beamline components that do not require radiation shielding as well as space for staging and preparing beamline components for installation.  The below grade portion of the high bay will also contain the support equipment and infrastructure required to operate the adjacent beamline components.
Gallery:  The gallery space of the Linac Support Building will house the equipment needed to operate the beamline components in the adjacent, below grade Linac Enclosure.  The 210 meter (690 foot) gallery will be constructed parallel to the below-grade Linac Enclosure and will provide penetrations for utilities, controls, cooling water, cryogens and related operational services.  The south (downstream) end of the gallery will include access to the elevator to Linac Enclosure to accommodate the movement of the test carts, diagnostic equipment and related items that are needed for Linac operations and maintenance.
Support:  The support space of the Linac Support Building will house the equipment and services required to support the operation of the building.  This includes the following functions:
· Process Water Equipment Room to house heat exchangers, pumps, controls and related equipment for the Low Conductivity Water (LCW) system used to cool the beamline components and power amplifiers. Since this space is driven by water containing components, if necessary, this space could be housed in a separate building rather than contained with the Linac Support Building.
· Mechanical Room will house the mechanical equipment that supports the operation of the facility. 
· Electrical Equipment Room will house equipment that supports the Linac Support Building including the incoming electrical service switchgear, panel boards, and related power supplies.  The switchgear will serve conventional facilities equipment, the programmatic equipment and the HVAC systems. This room will house the electrical panels serving the lights, outlets and general building power.
· Control Room to house monitoring/control equipment, conference room space for 8-10 people and adjacent workspace;
· Visitor’s Area suitable for use by outreach programs of up to 15 people;
· Building Services including a building manager’s office, toilet rooms and janitor’s closet;
5.1.4. Transport Line
The Transport Line will house the beamline components required to bring the proton beam from the downstream end of the Linac Enclosure the existing Booster accelerator. The 225 meter (737 foot) long Transport Line enclosure will have a 3 meter (10 foot) wide by 2.45 meters (8 foot) high cross section.   In order to accommodate the crossing of the new PIP-II transport line and the existing Main Ring beamline, the PIP-II beamline will rise up and over the existing Main Ring beamline components.  A portion of the existing precast Main Ring tunnel will be removed and replaced with a cast-in-place concrete structure capable of accommodating both beamlines.  A 9 meter (30 foot) long extraction enclosure stub will be constructed to accommodate possible future beamlines to the Muon Campus region.
The construction of the Transport Line enclosure will utilize traditional “open cut and cover” methods in which earth material is excavated, the concrete beamline enclosure is constructed and the completed enclosure is covered with the excavated material.  This method has been used successfully at Fermilab for the construction of the majority of shielded enclosures on-site.  
The interior walls and ceiling of the Transport Line enclosure will be painted and the exterior concrete surface will be moisture proofed to provide a safe, dry semi-conditioned space for personnel and equipment.   The enclosure 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 a duplex sump that will discharge water onto grade and away from the enclosure.  The walls and ceiling of the enclosure will be fitted with channel inserts to allow for the support of cable trays, cooling water piping, electrical conduits and fire detection equipment.  
Convenience outlets, 120/208VAC, will be provided every sixty (60) feet along the wall on the side of the beamline.  Welding outlets, 60 amp / 480V, will be provided at two (2) locations along the enclosure.  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 provide emergency lighting during power failures.   Lighting will be controlled by the lighting control panel in the Linac Support Building.
The Transport Line enclosure will be separated from the Linac Enclosure by an air barrier to contain the cryogens within the Linac Enclosure.  Fire detection will be via air sampling and line type sensors. The fire detection devices will report to the fire panel in MC-1.
A Beam Absorber enclosure will connect to the Transport Line enclosure to house the 20 kW beam absorber, radioactive cooling water (RAW) system and related equipment.  
The floor of the Transport Line enclosure will match the elevation of the Linac Enclosure to facilitate the installation of beamline components.
The Transport Line enclosure will be installed beneath the existing Booster Tower East parking lot and building to allow for the PIP-II beam to intercept the existing Booster beamline at the existing Long 11 straight section, which results in minimal displacements of the existing Booster tunnel equipment and reduces the interference with existing support services.
The installation of the Transport Line enclosure will require a partial demolition and temporary support of the existing Booster Tower East building to excavate and install the cast-in-place concrete connection to the existing Booster enclosure.  
The Booster Tower Southeast parking lot will be replaced with a shielding berm similar in style and construction to that constructed when the Main Injector 8GeV line was installed at Booster Tower West.  Vehicular access to existing electrical equipment in the northeast corner of the parking lot will be provided for maintenance of the electrical equipment.  
The Transport Line will be designed to support up to 7.5 meters (24.5 feet) of earth and concrete shielding in order to provide for “unlimited occupancy” of all above ground areas accessible to the general public.  The Transport Line enclosure include code required egress paths. The 7.5 meters (24.5 feet) of shielding is based on a preliminary assessment which will be finalized during final design. Shielding documentation will be prepared and initial approval for construction obtained prior to the start of construction.
Space for beamline power supplies, control equipment and related equipment will be provided in the reconstructed first floor of Booster Tower East.   

5.1.5. Cryogenics Plant
The PIP-II Cryogenics Plant will provide space for the house the cryogenics equipment for the PIP-II accelerator components.  The Cryogenics Plant should be located at the downstream end of the Linac Enclosure in order to be positioned to allow for future expansion.The Cryogenics Plant contains three (3) primary spaces as described below:
Cold Box Station:  The Cold Box Station will contain the equipment to install, operate and maintain the cold box.  This includes the following criteria:
· Building Size: 15 m x 40 m (50 feet x 131 feet);
· Overhead crane with a capacity of 15 tons;
· Overhead door 5 m x 5 m (17 feet x 17 feet);
· Maximum floor loading:20,000 kg/square meter (4,096 pounds/square foot);
· Space for five (5) 10,000 liter (2,641 gallons) dewars;
· 565 liters/minute (150 gallons per minute) of chilled water;
· Coordination Center to house 4-8 people;
· Control Room to accommodate equipment, monitors and related control equipment;
· Control Room and Coordination Center should have an isolated HVAC system that is capable of pressuring the room to reduce the oxygen deficiency hazard of the space;
 Warm Compressor Station:  The Warm Compressor Station will contain the equipment to install, operate and maintain the compressor and related equipment to support the Cold Box Station.  This includes the following criteria:
· Building Size: 20 m x 30 m (66 feet x 100 feet)
· Overhead crane with a capacity of 25 tons;
· Overhead door 5 m x 5 m (17 feet x 17 feet);
· Maximum floor loading:20,000 kg/square meter (4,096 pounds/square foot);
· Space for five (5) 10,000 liter (2,641 gallons) dewars;
· The cooling medium for the cryogenics compressors can be industrial cooling water (ICW) if it meets PIP-II quality requirements.  A review of the previous tests of the ICW indicate that the water is generally acceptable, but will require additional filtration to meet the solids requirements.
Exterior Space:  The exterior space for the Cryogenics Plant will provide for access to the Cold Box Station and Warm Compressor Station.  This includes the following criteria:
· Space for ten (10) 113,000 liter (30,000 gallon) storage tanks and related piping;
· Space for one (1) 34,000 liter (9,000 gallon) liquid nitrogen dewar and related piping;
· Space for one (1) truck mounted mobile purifier;
· Space for tanker truck for servicing the storage tanks/dewar;
· Parking for 8-10 vehicles;
· Loading dock access to both the Warm Compressor Station and the Cold Box Station;
· Underground utility tunnel that connects the Cryogenics Plant to the Linac Enclosure.
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