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ES&H
Fermi National Accelerator Laboratory is committed to the success of the mission objectives of Mu2e as well as to the safety of all users, staff and the public. The goal is to provide an injury free work environment. To attain this standard, safe working conditions and practices are a requirement for all staff and contractors.  All design work on Mu2e shall be done with this in mind. ES&H must be fully integrated into the project in order to realize these goals.  ES&H, as it applies to each subsystem, is discussed in Sections 5.10, 6.6, 7.6, 8.7, 9.6, 10.9, 11.6 and 12.5.
Integrated Safety Management
The philosophy of Integrated Safety Management (ISM) will be incorporated into all work on Mu2e, including any work done on the Fermilab site by subcontractors and sub-tier contractors. Integrated Safety Management is a system for performing work safely and in an environmentally responsible manner. The term “integrated” is used to indicate that the ES&H management systems are normal and natural elements of doing work. The intent is to integrate the management of ES&H with the management of the other primary elements of work: quality, cost and schedule. The seven principles of ISM are as follows:

1. Line Management Responsibility for Safety. Line management is responsible and accountable for the protection of the employees, the public and the environment.
2. Clear Roles and Responsibilities. The roles, responsibilities and authority at all levels of the organization, including potential sub-tier contractors, are clearly identified.
3. Competence Commensurate with Responsibility. Personnel possess the experience, knowledge, skills and abilities that are necessary to discharge their responsibilities.
4. Balanced Priorities. Resources are effectively allocated to address safety, programmatic and operational considerations. Protecting the public, the workers and the environment will be a priority whenever activities are planned and performed.
5. Identification of Safety Standards and Requirements. Before work is performed, the associated hazards are evaluated, and an agreed upon set of safety standards and requirements are established. These standards will provide adequate assurance that the public, the workers and the environment are protected from adverse consequences.
6. Hazard Controls Tailored to Work Being Performed. Administrative and engineering controls tailored to the work being performed are present to prevent and mitigate hazards.
7. Operations Authorization. The conditions and requirements to be satisfied for operations to be initiated and conducted are clearly established and understood by all.

The Mu2e ES&H program is intended to ensure that all relevant and necessary actions are taken to provide a safe working environment for the design, construction, installation, testing and operation of all components of the Mu2e Project.
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A principle 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 all potential hazards are identified during the conceptual design phase, a Preliminary Hazard Analysis (HA) has been performed to identify the hazards that could be encountered during the construction and operation of Mu2e [1].

The hazards and risks identified in the Preliminary HA are all well known to the accelerator and particle physics community. Years of experience with such facilities at Fermilab and within the DOE complex have generated well-defined design criteria and controls to eliminate and/or mitigate these risks.  Table 14.1 summarizes the hazards that have been considered and the codes and standards that apply to the reduction of risk associated with each hazard. The Fermilab ES&H Manual (FESHM) has applicable standards for each of these potential hazards.

The Preliminary Hazard Analysis process began during the conceptual design phase to Mu2e to ensure that all significant hazards were identified and adequately addressed in early design work.  Each of these issues will be followed as the design advances and as construction, installation and operations commence. The Preliminary HA divides the project into 8 zones that include the new Mu2e facility as well as the existing Recycler and Debuncher Rings where modifications for Mu2e will be made. A Baseline Hazards List was developed for each of these zones as the first step in identifying potential hazards. This list utilized the best available information, encompassing data from the Mu2e subproject managers, existing Fermilab safety documentation, subject matter expertise (with conventional facilities, accelerator systems, and ES&H) and lessons-learned from the DOE’s accelerator and high energy physics community covering design criteria, regulatory requirements, and related occurrences. It also included a preliminary (pre-mitigation) risk assessment for hazards present in each zone. A list of design and operational mitigation strategies were developed for each hazard in each zone and the risk was re-analyzed taking into consideration only the passive design mitigations. Operational mitigations will further reduce risks. 

	Hazard List
	Applicable Regulations and Standards

	Mechanical Hazards
Moving large, heavy equipment
Overhead cranes/hoists
Vacuum pumps
Power tools and equipment
Motor generator equipment
Compressed gases
Vacuum/pressure vessels
Open hatches

	ANSI/ASME Standard B30.20 Overhead Cranes
FESHM 5021, 5023, 5024, 5025, 5031, 5033, 5034

	Flammable Gas Hazards
Flammable gases
	FESM 6020.3

	Electrical Hazards
Stored energy exposure
High voltage exposure
Low voltage, high current exposure
Electrical faults 
Battery bank and UPS equipment
Arc flash
Cable tray overloading/mixed     utilities
	NFPA 70 National Electrical Code
NFPA 70 E Standard for Electrical Safety in the Workplace
NFPA 70 B Recommended Practice for Electrical Equipment Maintenance
FESHM 5040, 5041, 5042, 5043, 5044, 5046

	Fire Hazards
Flammable/combustible materials
Wire and cable insulation and jackets    
Electrical
Lighting

	NFPA 101 Life Safety Code
NFPA 45 Fire Protection for Laboratories Using Chemicals
FESHM 6010, 6020.1, 6040

	Radiation Hazards
Calibration source exposure
Prompt radiation from beamline
Indirect radiation from beamline
Radioactive contamination
Activation
Creation of mixed waste
RF & microwave
Magnetic fields
	FESHM 10010

	Hazard List
	Applicable Regulations and Standards

	Toxic Material Hazards
Chemical agents
Lead and other heavy metals

	FESM 5052, 8040

	Laser Hazards
Lasers

	ANSI Z136.1-2000 Safe Use of Lasers
FESHM 5062.1

	Construction Hazards
Site clearing
Excavation
Work at elevations
Material handling
Utility interfaces
Weather related conditions
	29 CFR 1926, Safety and Health Regulations for Construction.
FESHM 7010, 7011

	Oxygen Deficiency Hazards
Cryogenic spill
Cryogen leak        
Ventilation failure
Sensor failure
Confined space
	29 CFR 1910.134, OSHA Respiratory Protection Standard
FESHM 5064, 5032

	Cryogenic Hazards
Oxygen deficiency
Cryogenic distribution system
Thermal
Pressure
	FESHM 5032

	Environmental Hazards
Construction impacts
Storm water discharge
Soil activation
Air activation
Cooling water activation
Discharge/emission points
	40 CFR 61 - Subpart A, National Emissions Standards for Hazardous Air Pollutants (NESHAPS)
6 NYCRR 200 – 234 – NYSDEC Prevention and Control of Air contamination and Air Pollution


[bookmark: _Ref146246238][bookmark: _Toc158111257][bookmark: _Toc164935605]Table 14.1 Hazards considered in the Mu2e Preliminary Hazard Analysis and applicable codes and standards.
All of the hazards identified in this process are typical of those encountered with other high energy physics projects at accelerator facilities across the DOE complex. The design and operational criteria to mitigate these hazards, resulting from many years of operational experience and lessons learned, will be applied to Mu2e.  There are no unmitigated risks that are deemed to be Critical but a number of potentially High risks could be present in Mu2e in the absence of passive mitigation.  When taking into account the planned passive mitigations there are no risks higher than Moderate and most are Low or Minimal.  Active mitigation measures will reduce the risks even farther.
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The Mu2e Project will design and build a facility and experimental apparatus that meets the Mu2e mission objectives. This will be accomplished with the assistance of a fully implemented Quality Assurance (QA) Program. 

A QA Program Plan has been prepared by the Mu2e Project and approved by the Mu2e Project Manager [4]. This plan specifies the program requirements that apply to all Mu2e work. The primary objective of the QA program is to implement quality assurance criteria in a way that achieves adequate protection of the workers, the public, and the environment, taking into account the work to be performed and the associated hazards. The objectives include:

· Designing in quality and reliability.
· Assuring that all personnel involved in the project uphold the NSLS-II Quality Assurance Plan.
· Promoting early detection of problems to minimize failure costs and impact on schedule.
· Developing appropriate documentation to support construction and operational requirements.
· Assuring that personnel have the necessary training as needed before performing critical activities, especially activities that have environmental, safety, security, or health consequences.
· Defining the general requirements for design and readiness reviews, including environmental, safety, security, and health issues related to hardware, software, and processes.

Quality Assurance and Quality Control issues have been discussed for each of the L2 subsystems. Sections 6.7, 7.8, 8.5, 9.8, 10.11, 11.8 and 12.7 of this report can be consulted for those evaluations.
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Risk management is based on a graded approach in which levels of risk are assessed for project activities and elements. This assessment is based upon the probability of occurrence and the impact should the risk materialize. Minimizing risk is a 5-step process:

1. Identifying potential project risk
2. Analyzing project risk
3. Planning risk abatement strategies 
4. Executing risk abatement strategies
5. Monitoring the results of and revising risk abatement strategies.

Risk assessments are conducted throughout the project lifecycle. Risks identified include technical, cost, schedule and ES&H risks. The Mu2e Risk Management Plan [1] details the process for identifying, evaluating, mitigating, and managing risks in compliance with DOE Order 413.3a.  These activities must be completed and fully implemented by CD-2 so that mitigation impacts can be fully captured in the Project’s Performance Baseline.

For CD-1, a top-down study to identify significant risks that require mitigation as early as possible in the design process are identified and preliminary mitigation strategies are developed.  These risks have been captured in the Primavera Risk Management Tool and are displayed in the Mu2e Risk Registry [2]. This will form the basis for the more thorough bottoms-up risk analysis that will be completed as Mu2e moves from the Conceptual Design towards a Preliminary Design. In some cases, mitigations have already been incorporated into the conceptual design.

The risk registry catalogs the potential problem (or opportunity), the potential cause and the consequence if the risk is realized. The probability, impact and severity of each risk are identified prior to mitigation and strategies for mitigating the risk are discussed.  Finally, the risk registry is used to generate a cost and schedule range for the Project based on the cost to mitigate potential risks and the potential savings if opportunities can be taken advantage of.  

Risk issues have been discussed for each of the L2 subsystems in Chapters 5 – 12.  Sections 6.5, 7.7, 8.4, 9.7, 10.10, 11.7 and 12.6 of this report can be consulted for those evaluations.

Technical Risks 
The technical risks facing the Mu2e Project are no greater than those facing other HEP projects. Risks that are identified will be managed as early as possible to assure that they do not derail the timely completion of the project or stress its budget in unexpected ways. 

Many of the components required for the Mu2e project are similar to others recently built at Fermilab, for which there are numerous technical and cost benchmarks. Many of the hardware components will be reused or refurbished equipment already existing at Fermilab. The technical risks associated with this equipment are small. There are a few components for which the unmitigated technical risks are high, however. These include radiation shielding, interface issues and tracker failures. Mitigation strategies will reduce these risks significantly.
Cost and Schedule Risks 
Use of fixed-price subcontracts and competition will be maximized to reduce cost risk.  The Project is also making a major effort to understand how the cost of large ticket items that will not be delivered for several years are tied to exchange rate fluctuations, the producer price index or any other relevant index.  This will allow a more precise determination of contingency on the elements that drive the cost of the project.

Schedule risk will be minimized by:

· R&D, including bench testing and time and motion studies
· Realistic planning
· Verification of subcontractor’s credit and capacity during evaluation
· Close surveillance of subcontractor performance.

Incentive subcontracts, such as fixed-price with incentive, will be considered when a reasonably firm basis for pricing does not exist or the nature of the requirement is such that the subcontractor’s assumption of a degree of cost risk will provide a positive profit incentive for effective cost and/or schedule control and performance.

Cost and schedule risks in Mu2e include the effect of continuing resolutions and funding delays, delays to the solenoids that define the critical path and resources that are not available when needed.  Mitigation strategies, including a bottoms-up contingency analysis, will reduce these risks to manageable levels.
ES&H Risks
The management and mitigation of Environment, Safety and Health risks is of paramount importance.  These risks are captured in the Mu2e Preliminary Safety Assessment Document, The Hazard Analysis and the Mu2e Environmental Assessment.  They are managed through Fermilab’s Integrated Safety Management program. ES&H has been incorporated into the planning, design and implementation of Mu2e from the beginning and has driven the design of various aspects of the Project.  The Mu2e Risk Management Program evaluates potential ES&H risks and establishes strategies to mitigate those risks.  ES&H risks include radiation exposure and construction accidents.  Mitigation strategies will significantly reduce the probability that these incidents occur. 
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Neither Mu2e nor Fermilab are nuclear facilities and no part of the project is sensitive or classified.  However, because of Fermilab’s association with the U.S. Government the lab as a whole could be considered a potential target. This threat potential extends to the Mu2e facility since it resides on the Fermilab site. The probability of an attack is considered quite small and the existing Fermilab security envelope is more than adequate, but some common sense security precautions will be implemented.  The most likely security concerns for Mu2e involves computer security, theft and vandalism.  The later two are primarily a concern during the building construction phase. 

During the R&D and construction phases of Mu2e, the Project ensures appropriate levels of protection by relying primarily on the existing security apparatus in place at the host institution. In particular, Mu2e activities fall under the security umbrella of Fermilab and the Laboratories and Universities of collaborators.  This includes protection from unauthorized access, theft, destruction of DOE assets and other potential adverse impacts.

A Vulnerability Assessment [1] by the Project team has exposed one moderate security threat in the area of computer security. Unauthorized access and malicious attacks against computer systems is an unfortunate fact of life for every organization.  Fermilab’s computing system is routinely attacked.  Mu2e can expect a similarly hostile environment.  The probability of attempted unauthorized accesses and malicious attacks against the Mu2e computing facilities is moderate. Appropriate security will be built into all computing systems as a requirement. As this is currently a rapidly changing and timely field with the onset of grid computing, we will wait as long as possible before committing to a particular protocol.  We will follow the Fermilab Computing Division’s lead on this issue and will be included within Fermilab’s online security envelope.

The primary security threats at the various Mu2e sites where detector construction and assembly might take place are theft and vandalism. The Mu2e Project will have to ensure that adequate security is in place to protect its assets at all of the facilities where detector construction is taking place.  Access restrictions, appropriate ES&H procedures and sufficient fire protection will be required at all locations.  Explicit requirements will be spelled out in the Statement of Work issued to the institutions doing the work.  All Mu2e activities will take place at National Laboratories, Universities or private industry.  The probability of these threats being realized at any of these locations is small because of the existing adequate security that is already in place. 
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The primary stakeholder in the Mu2e project is the Mu2e Collaboration.  The Collaboration has been involved in the design and planning of the Project, and it is expected that Mu2e will continue to attract university, national laboratory and international collaborators. 

The design of Mu2e has been developed by the scientific and technical staff at Fermilab and the collaborating institutions.  This combination is best equipped to define the optimal performance parameters for the facility and to carry out the science in a cost-effective manner. 

Throughout the design and planning process for Mu2e, every effort has been made to maintain communications with DOE, with the Mu2e Collaboration and with the management of Fermilab. The Mu2e Project Manager has made several trips to Germantown to report on progress and interact with DOE management and bi-weekly reports on Mu2e progress are provided to the head of the DOE Office of High Energy Physics.  Reports on the Mu2e Project are generally provided at various DOE Reviews of Fermilab.  Regular Integrated Project Team meetings take place and monthly Working Group Meetings are held with DOE and Fermilab management.
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Project Deliverables, Test and Acceptance Criteria
Mu2e Detector Hall Facility
A new experimental hall facility must be constructed on the Fermilab site, north-west of the existing antiproton source near Kautz Road. The facility includes an underground enclosure for the Mu2e detector, an at-grade service building and a tunnel stub that connects to the Muon Campus External Beamline. The test and acceptance criteria for the facility are beneficial occupancy and completion of the final punch list of deficiencies.  
Superconducting Solenoid System
A system of superconducting solenoids must be designed and constructed for Mu2e. The solenoid system consists of a Production Solenoid that contains the target for the primary proton beam, an S-shaped Transport Solenoid that serves as a magnetic channel for pions and muons of the correct charge and momentum range and a Detector Solenoid that houses the muon stopping target and the detector elements. The solenoid system shall be considered complete when each solenoid has been cooled down, powered and run at nominal field strength.
Mu2e Detector
The Mu2e Detector consists of a tracker, a calorimeter, a stopping target monitor, a cosmic ray veto, an extinction monitor and the electronics, trigger and data acquisition required to read out, select and store the data. The tracker accurately measures the trajectory of charged particles, the calorimeter provides independent measurements of energy, position and time, the stopping target monitor measures the characteristic X-ray spectrum from the formation of muonic atoms, the cosmic ray veto identifies cosmic ray muons traversing the detector region that can cause backgrounds and the extinction monitor detects scattered protons from the stopping target to determine the fraction of out-of-time beam. The detector will be considered complete when tracks from cosmic ray muons have been observed in the detector and recorded by the data acquisition system.
Accelerator Modifications
Parts of the Fermilab accelerator complex must be modified to transfer 8 GeV protons from the Fermilab Booster to the Mu2e detector while the 120 GeV neutrino program is operating. To accomplish this the existing Debuncher Ring will be modified to slow extract beam to the Mu2e detector through a new external beamline. The accelerator modifications shall be considered complete when the capability to extract 8 GeV protons from the Debuncher Ring and transport them through the Muon Campus External Beamline to the Mu2e Production Target is in place.
Cost Range
The Total Project Cost (TPC) range for Mu2e is $208 - $287M. The estimates are in Actual Year Dollars (AY$) and include contingency, overheads and escalation from the base year of 2012.

An estimate of the most likely Project cost was assembled and that cost is supported by BOEs for each Level 3 activity. The cost and schedule ranges are based on Project Risk and are detailed in the Mu2e Project Risk and Opportunity Register [1].
R&D Funding Requirements
R&D funds in the amount of $24M are needed during the period from FY10 – FY13. R&D funds are used to develop the Mu2e conceptual design, procure and test aluminum stabilized superconductor for solenoid R&D, fabricate prototype scintillator for the Cosmic Ray Veto, develop a prototype ASIC for tracker readout and a variety of other activities necessary as input to final designs.
PED Funding Requirements
PED funds in the amount of $49M are required during the period from FY12 to FY14 to develop preliminary and final designs for all aspects of the Project.
Schedule Range
The Key Performance Parameters will be satisfied by August 1 2019, corresponding to a construction schedule of 65 months that starts at CD-2/3a. Additional time is required for reviews and Project close-out. A schedule range of 56 - 80 months is estimated for the duration of the construction project, starting at CD-2/3a. This corresponds to a completion date ranging from November 2018 to November 2020. The Project duration is dominated by the Solenoid design, procurement and installation. Schedule variations to the other subsystems are unlikely to have an impact to the overall Project, so the schedule range is largely determined by the solenoids and funding risks/opportunities. The CD-4 date has 18 months of programmatic float added from the expected completion date, corresponding to the 2d quarter of FY21.
Scope Range
Mu2e has little scope range. The only significant scope variation involves the calorimeter. In the baseline plan, 2/3 of the calorimeter cost is borne by INFN and provided in-kind.  The Mu2e Project pays for the remaining 1/3. It’s possible that the entire calorimeter could be provided by INFN. It’s also possible, though considered unlikely, that INFN’s circumstances might change and the full cost of the calorimeter would be borne by the Mu2e Project.  This results in a calorimeter scope range that varies from 0 to 100%. This scope range is reflected in the cost range.
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