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The Project Plan (PP) describes the management, control systems and procedures used by Fermi National
Accelerator Laboratory (Fermilab) to meet the technical, cost, and schedule objectives of this project. The
Project Plan is comprised of a Project Charter (PC), Conceptual Design Report (CDR) and Project Execution
Plan (PEP). This controlling document establishes the basis for managing the project, throughout the
projects life cycle including, initiating, planning, executing, monitoring/controlling and closing.

This project will be managed based on the guidance provided in DOE Manual 413.3b. This manual is not
the sole source for all requirements and guidance that apply to the acquisition of capital assets. Other
DOE Order and Manuals, especially regarding design, engineering, management reserve and indirect costs
have been used to determine the basis for estimating costs and establishing baselines. This identification,
implementation and compliance with other relevant Orders, Manuals and requirements are the
responsibility of the Integrated Project Team.

This project will be managed by a certified Project Management Professional (PMP) certified by Project
Management Institute (PMI) employing FESS/Engineering policies and procedures which adhere to the
Project Management Institute’s knowledge areas and process groups, tailored to conform to the relevant
DOE orders, manuals and requirements.

The Project Plan is to be viewed as a “living document,” and as such, will be revised when necessary. The
Fermilab Project Manager is authorized to approve non-substantive changes to the Project Plan (e.g.
name changes to the positions stated in the Project Plan), but will inform the DOE Federal Project Director
via electronic mail of such changes. Baseline changes will require approval by the Department of Energy’s
(DOE) Fermi Site Office.

Section 1 — Project Charter (PC)

The Project Charter (PC) formally authorizes the project. The Project Charter incorporates the signed U.S.
Department of Energy Construction Authorization as part of this document. The Project Charter states
the project justification within the framework of the Fermilab’s strategic goals. The Project Charter
defines the roles and identifies the Fermilab Project Director and the Fermilab Project Manager as well as
other key members of the Integrated Project Team.

Section 2 — Conceptual Design Report

The Conceptual Design Report (CDR) is intended to be a self-consistent basis for a project baseline scope,
cost estimate and schedule. It is not a Title 1 report and has not answered every technical design
question. The current level of contingency is believed to be consistent with the degree of technical
confidence in the design at this stage. It is recognized that some basic construction concerns will be
reviewed and optimized during the remaining stages of the project.

Section 3 — Project Execution Plan

The Project Execution Plan (PEP) defines the Enterprise Environmental Factors and Fermilab’s
Organizational Process Assets that provides project management the methodology which defines the
process.

Authors of this document:

Thomas Lackowski / FESS/Eng.
Ron Jedziniak / Ason Inc.
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1.1 PROJECT JUSTIFICATION MC Beamline Enclosure

Fermilab’s Strategic Plan outlines a set of key research objectives that Fermilab plans
to pursue into the future. One of these objectives, support of High Energy Physics, is
a major driving force behind the Muon Campus program and the MC Beamline
project that is the subject of this Project Plan.

New facilities at Fermilab, the nation's dedicated particle physics laboratory, would
provide thousands of scientists from across the United States and around the world
with world-class scientific opportunities. In collaboration with the Department of
Energy and the particle physics community, Fermilab is pursuing a strategic plan that
addresses fundamental questions about the physical laws that govern matter,
energy, space and time. Fermilab is advancing plans for the best facilities in the world
for the exploration of neutrinos and rare subatomic processes, far beyond current
global capabilities.

Certain particle physics experiments require particle beams with incredibly large
numbers of particles: the Intensity Frontier. Beginning in 2013, Fermilab's upgraded
accelerator complex will create more intense particle beams for experiments such as
MINOS, NOVA and MicroBooNE that will explore neutrino interactions. The updated
complex will also enable the planned muon experiments, Muon g-2 and Mu2e, that
will explore rare sub-atomic processes and make precision measurements.

To establish a base for these future muon experiments the Muon Campus is being
developed to house these future experiments. The MC Beamline Enclosure connects
the Delivery Ring (previously known as the PBar Ring) to both the Mu2e Detector Hall
and Service Building and the MC1 Building to house the M-4 and M-5 beamlines.
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. 1.2 EXECUTIVE SUMMARY MC Beamline Enclosure
Project
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Project Costs
The Total Estimated Cost (TEC) for this project is estimated to be $9.8M funded in
fourth quarter FY15 dollars.

The TEC includes Construction, EDIA (Engineering, Design, Inspection and
Administration), Management Reserve and Indirect Costs. The TEC has been
escalated to FY15 dollars.

Also included in the TEC are the Indirect Costs associated with this project, which is
based on current published laboratory rates as of October 2012. The following
dates are based on a project start of June 2013.

Schedule

Project Start Month 1
Engineering Start Month 3
Construction Start Month 21
Construction Complete Month 42
Engineering Complete Month 46
Project Complete Month 50
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1.3 PROJECT ORGANIZATIONAL STRUCTURE MC Beamline Enclosure

1.3.1 DOE MANAGEMENT
The U.S. Department of Energy (DOE) provides funding for this project to Fermilab.

The Site Manager of the FSO has been delegated the authority and responsibility for
field oversight of the project. This includes line management authority, responsibility
and accountability for overall project implementation and contract administration.

The FSO administers the Management and Operations (M&O) contract with Fermi
Research Alliance (FRA) for the operations of Fermilab and exercises oversight of
Fermilab. The FSO Manager has been delegated responsibility and authority for
execution of the project. The specific responsibilities of the FSO manager are:
e Supervision of DOE Federal Project Director and Fermi Site Office staff;
e Review documents as required by federal regulations or departmental orders
or notices;
e Approval of Fermilab subcontract actions, within the authority delegated to
FSO;

The DOE-Chicago Integrated Support Center (ISC) can provide support to the FSO in
the following areas as requested:

e Quality Assurance

e |Implementation of ESH&Q

e Project Management Systems

e Design Review

e Legal

The FSO Manager has delegated authority and responsibility for management and
direction of the project to the DOE Federal Project Director, Alan Harris. The specific
responsibilities of the DOE Project Director include:
e Measurement of performance against established goals including technical
performance, cost levels, and schedule milestones;
e Making any necessary changes or corrective actions within the appropriate
thresholds established in this Project Plan;
e Overseeing Fermilab’s management of construction activities;
e Monitoring project progress via reports prepared by the Fermilab Project
Manager;
e Coordinating the approval of the Project Plan by the FSO Manager.

The DOE has delegated the responsibility for design and construction of this project
to Fermilab.
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1.3 PROJECT ORGANIZATIONAL STRUCTURE

1.3.2 FERMILAB MANAGEMENT

MC Beamline Enclosure

The project management team structure shown in Figure 1 identifies the
organizational structure that will be responsible for design, procurement and
construction of the Project.

Fermilab Directorate

ORGANIZATIONAL PROCESS ASSETS PROJECT SPONSERS
J. Anderson
Championing Organization Key Stakeholders Chief Operating Office
Accelerator Division Muz2e Project, g-2 Project R. Dixon
celerator Division
v
Business Services Section Facilities Services Section INTEGRATED PROIJECT TEAM
J. Irvin R. Ortgiesen G. Annala, Accelerator Division
Section Head {Acting) FESS Head M. Convery, Accelerator Division
| Fermilab Project Directors
J. Collins K. Collins T. Lackowski, FESS/Eng.
Procurement Manager FESS Deputy Head Fermilab Project Manager
G. Leonard R. Alber R. Jedziniak, FESS/ Eng.
Legal FESS/E Department Head Fermilab Project Coordinator
Vacant T. Trout, FESS/Eng.
ESH&Q FESS/Operation Head Fermilab Construction Coordinator
M. Michels J. Macier S. Gaugel
ES&H Director {Acting) FESS/Site Services Head Fermilab Procurement Administrator
M. Michels
Associate Head
Y
Subcontractor
Figure 1 — Fermilab Project Management Team Structure
1.3.2.1 Directorate

As with all activities at Fermilab, the Fermilab Directorate is at the highest level of

responsibility.

1.3.2.2

Project Sponsors

The Fermilab Chief Operating Officer (COO), Jack Anderson and Roger Dixon, Division
Head of the Accelerator Division are the Project Sponsors championing the project.
The Project Sponsors establish and approve the mission need and allocate the funds
from the Fermilab budget.

1.3.2.3 Integrated Project Team
The integrated project team is comprised of the Fermilab Project Director, Fermilab
Project Manager, Project Engineer, Construction Manager, Fermilab Design
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1.3 PROJECT ORGANIZATIONAL STRUCTURE MC Beamline Enclosure

Project
Coordinator, Fermilab Construction Coordinator and the Fermilab Procurement Charter

Administrator.

1.3.2.3.1 Fermilab Project Director

The Project Sponsors have designated Mary Convery and Gerry Annala of
Accelerator Division as the Fermilab Project Directors. The Fermilab Project
Director is a key stakeholder that has accepted the scope of work as described
within this project’s Conceptual Design Report as being appropriate and
complete. The Fermilab Project Director will initiate all scope changes and shall
secure any additional funding authority as defined by the Fermilab Project
Manager. A summary of the Fermilab Project Director’s functions and
responsibilities is provided in the Integrated Project Team Responsibilities Matrix
included in Appendix B.

1.3.2.3.2 Fermilab Project Manager

Project Management, design, construction management, cost and schedule for
this project are the responsibility of the Facilities Engineering Services Section
(FESS). FESS will manage the design and conventional construction activities
associated with this project, as well as accept line management responsibility for
safety. This effort will be accomplished using the resources of the FESS
Engineering Department. The FESS/Engineering Manager shall assure proper
attention to the coordination and timely completion of the project.

Fermilab has designated Tom Lackowski of FESS/Eng. as Fermilab Project
Manager. The Fermilab Project Manager is certified by the Project Management
Institute (PMI) as a Project Management Professional (PMP). The Fermilab
Project Manager is committed to manage to a successful completion, the defined
project scope for the cost stated within the allotted project schedule.

Based on the size and complexity of this project, the Fermilab Project Manager,
will serve as Construction Manager. The Fermilab Project Manager will utilize the
resources of the FESS/Engineering Department as appropriate for design,
construction phase support, and construction coordination. Portions of the civil
design may be subcontracted to an Architectural/Engineering firm. The Fermilab
Project Manager/Construction Manager shall be the first line of contact with the
Construction Subcontractor’s organization. A summary showing the functions
and responsibilities of the Fermilab Project Manager/Construction Manager is
provided in the Integrated Project Team Responsibility Matrix contained in
Appendix B.

PROJECT CHARTER e SECTION 1.3 e PAGE 5
Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
@ Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC



Project

Charter 1.3.2.3.3 Project Coordinator
Ronald Jedziniak of FESS/Eng. has been assigned as Project Coordinator for this
project. The Project Coordinator will handle coordination of design team efforts
in the execution of this project. A summary of the Project Coordinator functions
and responsibilities is provided in the Integrated Project Team Responsibility
Matrix contained in Appendix B.

- 1.3 PROJECT ORGANIZATIONAL STRUCTURE MC Beamline Enclosure

1.3.2.3.4 Fermilab Construction Coordinator

Job coordination during construction phase activities will be accomplished
through the Fermilab Construction Coordinator (FCC), a member of the
FESS/Engineering department, who shall be responsible for daily monitoring of all
work at the site, including the environment, safety, health and quality (ESH&Q)
program. The FCC reports to the Construction Manager for this project.

1.3.2.3.5 Fermilab Procurement Administrator

The Fermilab Procurement Administrator(s) (PA) is a member of the Business
Services Section (BSS). Separate PA may be assigned for the procurement of the
architectural/engineering services (A&E) and for the construction subcontract.
Through the head of the BSS the Fermilab Procurement Administrators will
execute all subcontracts. The details of the PA’s functions and responsibilities are
provided in the Integrated Project Team Responsibility Matrix contained in
Appendix B.

1.3.3 ORGANIZATIONAL PROCESS ASSETS
Organizational process assets are those Fermilab processes that can be used to
influence the project’s success. These assets and organizations are described below.

1.3.3.1 Championing Organization

The championing organization provides support for the project throughout the
project process by providing objectives for the eventual operational use of the
project. Since the championing organization will be the primary beneficiary of the
project, the input of the organization is vital to establishing the goals and
objectives for the project.

1.3.3.2 Stakeholders

All project stakeholders are considered to be organizational project assets and are
considered invaluable during the planning and execution of the project. The
Fermilab Project Director and Fermilab Project Manager will identify those key
stakeholders and obtain the relative inputs critical to the project’s success.
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1.3 PROJECT ORGANIZATIONAL STRUCTURE MC Beamline Enclosure

Project
Prospective users, landlord ESH&Q personnel and building managers are always Charter

key stakeholders that are included in the process.

1.3.3.3 Business Services Section

The Business Services Section (BSS) has the responsibility for subcontract
administration, providing budget status and subcontract/requisition information.
The details of the Fermilab Procurement Administrator’s, a member of the
Integrated Project Team, responsibilities have been identified and described in
the Integrated Project Team Responsibility Matrix contained in Appendix B.

1.3.34 ESH&Q Management

The Environment, Safety and Health (ESH&Q) Section has the responsibility for
providing safety coordination support and oversight of safety throughout the
project. As with all Fermilab projects, attention to ESH&Q concerns will be part of
project management and safety will be incorporated into all processes. Line
management for safety on this project will be the responsibility of the Facilities
Engineering Services Section.

The ability to perform the construction work in a safe, environmentally
acceptable manner will be designed into the project. Construction documents
(drawings and specifications) will be reviewed as the documents are developed,
by Fermilab engineering, construction, and safety professionals to ensure ESH&Q
concerns are addressed. Project specific safety and health requirements for
construction will be outlined in the construction documents.

The potential subcontractors will be qualified for bidding by submitting specific
information about their safety and health program with the proposals. During
construction the subcontractors will utilize Project Hazard Analyzes (PHA) to plan
the work and mitigate hazards. The Fermilab Construction Coordinator will audit
the subcontractor’s compliance with the PHA’s and with their overall Safety Plan.
The Fermilab ESH&Q Section will augment the FCC with appropriate safety
personnel during construction.

1.3.3.5 Facilities Engineering Services Section

The Facilities Engineering Services Section (FESS) has the responsibility of
coordinating existing and proposed infrastructure, including sewer and water,
power and communication systems, site roads and overall grounds. FESS will
provide criteria and project reviews for systems and areas that they will maintain
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1.3 PROJECT ORGANIZATIONAL STRUCTURE MC Beamline Enclosure

Project

Charter and service. The ability to safely maintain and service the project’s deliverable
will be designed into the project documents. Construction documents (drawings
and specifications) will be reviewed as the documents are developed for
appropriateness, ESH&Q concerns and life cycle value.
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2.1 DETAILED DESCRIPTION MC Beamline Enclosure

The MC Beamline Enclosure scope of work will consist of the activities required for the
construction of a below-grade, cast-in-place and/or precast concrete enclosure to
house the programmatic beamline components that will be required to transport
beam from the existing Delivery Ring into the Mu2e Detector Hall and Service building
and the MC-1 Building.

Conceptual

Design
Report

The Beamline Enclosure will be a 10 feet wide by either eight (8’-0) feet, nine feet six
inches (9°-6) or twelve feet (12’-0) high concrete enclosure approximately 700 feet
long, running from the existing Delivery Ring enclosure to the Mu2e Detector
Enclosure interface. The section of enclosure that receives conduits for beamline
cabling from the service building will be nine foot six inches high. The section housing
the M5 beamline to transport beam from the Delivery Ring enclosure up to the MC-1
Building as is twelve feet (12’-0) high. The beamline enclosure is designed to support
16 feet of earth and concrete shielding to grade as measured from the M4 beamline
and 6 feet of shielding measured from the M5 beamline.

The construction of the Beamline 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 beamline 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 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 Mu2e Building.
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2.1 DETAILED DESCRIPTION MC Beamline Enclosure

Conditioned air will be introduced into the enclosure as part of the Mu2e project.
Approximately 900 CFM of dehumidified air will travel slightly less than 60 minutes to
the exhaust near the Delivery Ring. The Delivery Ring, MC-1 building and the Mu2e
building require an air barrier to contain the activated air generated at the Mu2e
absorber. Fire detection will be via air sampling and line type sensors. The fire
detection devices will report to the fire panel in MC-1.

Conceptual

Design
Report
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2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure

The performance requirements listed below describe the project specifics that exceed
or are not addressed in the applicable building codes and standards requirements

Conceptual i ) ) ;
contained in Section 2.4, Quality Levels.

Design
Report

2.2.1 GENERAL PROJECT REQUIREMENTS

The enclosure is to provide housing for the beamline elements. The enclosure and
earth berm configured to provide sixteen feet of earth equivalent shielding. A list of
proposed magnet types along with their weights and dimensions are listed below.
The magnets will be supported on stands bearing on the base slab. The beamline
elevation is 732’-8” with the base slab located four feet below the beam center. A lift
will be provided for the transport of the magnets between the Delivery Ring and the
MC enclosure. A monorail 10 ton hoist will be situated at the step in the base slab
near the diagnostic abort. A twenty one foot (21’-0) by six foot (6’-0) shielded hatch
will be installed for installing magnets that do not fit on the lift or are installed after
the g-2 beamline is in place.

The weights and dimensions of a representative sample of the anticipated magnets
are listed below. Final design will be based on a mature listing of beamline elements.

The shielding assessment needs to be finalized. Shielding documentation will be
prepared and initial approval for construction obtained prior to the start of
construction.
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2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure

M-5 Magnets and Currents

J. Morgan
April, 2013 Conceptual
Design
Quadrupoles
Report
Magnet Type Current(A) PowerSupply Comments Integrated Field
gQ1 4024 114.3* Q1 QGVDO1 223117
gQ2 4024 78.6* Q2 QGVF02 1.592 T
gQ3 4024 41.4* Qa3 QGvDOo3 -0.840T
gQ4 4024 28.0* Q4 VHQO1 0.568 T
gQ5 SQA 170.1* Q5 VHQO2 3.233T
gQ6 4024 163.1* Q6 VHQO3 -3.290T
gQ7 SQA 167.9% Q7 HBQO1 3.193 T
gQ8 sac 234.3* Q8 HBQO2 -6.825T
gQ9 SQB 233.0* Q9 HBQO3 6.161T
gQ10 SQB 233.0% Q9 HBQO3 6.161 T
gQl1l sQc 234.3* Q8 HBQO?2 -6.825T
gQ12 SQA 167.9* Q7 HBQO1 3.193 T
gQl13 4024 111.5* Qlo MATQO1 -2.256 T
gQl14 SQA 169.5* Q11 MATQQ?2 3.2217T
gQ15 4024 122.3* Qi2 MATQO3 -2.4737
gQ16 4024 94.5*% Qi3 MATQO4 1.912T
gQ17 4024 165.2* Ql4 MATQO5 -3.330T7
gQ18 4024 126.2* Qi5 FOQO2 2.552T
gQl9 4024 105.9* Qle FOQO1 -2.143 T
gQ20 4024 126.2* Qis FOQO2 2.552T
gQ21 4024 105.9* Qile FOQO1 -2.143 T
gQ22 4024 126.2* Qis FOQO2 2.552T
gQ23 4024 91.5* Qi7 FFQO1 -1.852 T
gQ24 4024 110.1* Q18 FFQO2 22277
gQ25 SQA 112.7* Q19 FFQO3 2.280T
gQ26 SQA 133.0* Q20 FFQO4 268 T
gQ27 4024 150.2* Q21 FFQO5 2517 T
Dipoles
Magnet Type Current (A) Power Supply Comments
VB1 MDC 543# vi EXVBO1D
HB1 MDC 7144 H1 G_2_HBD1
HB2 MDC 714# H1 G_2_HBD2
HB3 MDC 714i# H1 G_2_HBD3
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2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure

*300 ppm unfiltered regulation
**300 ppm filtered regulation
#100 ppm unfiltered regulation

Conceptual ‘ '
##100 ppm filtered regulation

Design
Report

Trims
9 BNL4D16 trims in line

Magnet Dimensions
Magnet Type  Weight (Lb) Length (in) Height (in) Width (in)

4Q24 1,525 35.0 22.5 22.5
SQA 2,930 25.1 30.8 30.5
SQB 4,070 32.3 30.8 30.5
sQcC 4,450 34.7 30.8 28.5
MDC 6,100 71.9 14.3 30.2
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2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure

M-4 Magnets and Currents

J. Morgan
Mansh2is Conceptual
Design
Quadrupoles
Report
Magnet Type Current (A) Power Supply Comments
Q205 8Q032## 1,850 (670) Q205 D2Q5 (AIP), bused with D:IB?
EQl SQA** 90.6 A Q1 QDE206
EQ2 sQC** 195.2 A Q2 QFE207
EQ3 SQD** 203.3A Q3 QDE208
EQ4 sQD** 159.4 A 04 QFE209
EQ5 SQD** 46.8 A Qs QDE213A
EQ6 sQD** 195.4 A Q6 QDE213
EQ7 SQD** 1452 A Q7 QFE214
EQS8 LQB** 0A Q8 MATQO1 Removed from split
EQ9 SQC** 2624 A Qo MATQO1A
EQ10 SOCY* 232.1A Q10 MATQO3
EQl1 sQD** 157.4 A Q11 MUMQO4A
EQ12 SQA** 215.0A Q12 MUMQO5
EQ13 SQD** 323.2A Q13 MUMQO4
EQ14 sQD** 284.4 A Q14 MUMQO3
EQ15 SQD** 284.4 A Q14 MUMQO3
EQ16 SQD** 323.2A Q13 MUMQO4
EQ17 SQA** 215.0A Q12 MUMQQ5
FQ18 sQD** 157.4 A Q11 MUMQO4A Bused with Q11?
EQ19 SQA** 2739A Q15 MMFO1
EQ20 SQA** 129.5 A Q16 MMDO2
EQ21 SQA** 2315A Q17 MMFQ02
EQ22 SQA** 1416 A Q18 MMFQ3
EQ23 SQA** 1418 A Q19 MUMF04 Bused with Q227
EQ24 SQA** 197.0A Q20 MUMDO5 Shown as 8Q16
EQ25 SQA** 148 A Q21 MUMFO06
EQ26 SQB** 2523 A Q22 coLaFo1
EQ27 SQA** 3004 A Q23 coLapoz2
EQ28 SQA** 291.3A Q24 COLQF03
EQ29 SQB** 2225A Q25 coLabo4
EQ30 SQB** 2225A Q25 coLaposg
EQ31 SQA** 291.3A Q24 COLQF07
FQ32 SQA** 300.4 A 023 €oLQD06
EQ33 SQB** 252.3 A Q22 COLQFO05
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2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure

EQ34 SQB** 2523 A Q22 COLQF0S
EQ35 SQA** 300.4 A Q23 coLap10

Conceptual EQ36 SQA** 2913 A Q24 COLQF11

Design EQ37 SQB** 222.5A Q25 coLapiz2
Report EQ38 SQA** 7?? Q267? MDQ0 Not finished
EQ39 SQA** 77 Q27?7 MFQO Not finished
Missing 35.6 m matching to final focus/absorber section 6 SQA quads???
EQFF1 cQck* 7675 A Q34 FFFQ1
EQFF2 LQD** 1,351.2 A Q35 FFDQ2
EQFF3 LQC** 810.0 A Q36 FFFQ3
EQFF4 LQc** 668.6 A Q37 FFDQ4
EQFF5 LQC** 810.0 A Q36 FFFQ3
EQFF6 LQD** 1,351.2 A Q35 FFDQ2
EQFF7 LQc** 767.5 A Q34 FFFQ1
Dipoles
Magnet Type Current(A) Power Supply Comments

VB1 LAM 1,8504# vl New 1.5 m Lambertson, AIP, estimate
VB2 CMAG 1.200%* V2 New 2.0 m C-Magnet, AIP, estimate
VB3 EDWA 800** V3 Vertical down bend
VB4 MDC 870** V4 Dogleg
VB5 MDC 870** V4 Dogleg
HB1 SDFW 805%* H1 Left Bend
HB2 SDFW 805%* H1 Left Bend
HB3 SDF 805%* H1 Left Bend
HB4 SDF 805** H1 Left Bend
HB5 SDFW 805%* H1 Left Bend
HB6 SDFW 805%* H1 Left Bend
HB7 MDC 1,070* H2 Bend to Absorber
VB6 CDA 970** V5 Down bend to target
VB7 CDA 970** V5 Down bend to target

*300 ppm unfiltered regulation
**300 ppm filtered regulation

#100 ppm unfiltered regulation
##100 ppm filtered regulation
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2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure
Magnet Dimensions
Magnet Type  Weight (Lb) Length (in} Height (in) Width (in)

8Q32 9,600 35.0 22.5 22.5

SQA 2,930 25.1 30.8 30.5 Conceptual
Sae 4,070 323 30.8 30.5 Design
sQac 4,450 34.7 30.8 30.5 Report
sap 5,250 39.7 30.8 30.5

LQc 15,380 44.5 51.5 54.0

Lab 17,440 48.5 51.5 54.0

ELAM New magnet being designed

C-Mag New magnet being designed

EDWA 9,500 133.0 17.0 26.7

SDF 24,300 138.0 27.8 26.8

SDFW 24,500 138.0 28.8 26.8

CDA 2,500 60.1 17.5 28.0

MDC 6,100 71.9 14.3 30.2

The beamline lattices are listed below for the g-2 or M5 beamline and the M4
beamline. The lattice files are the basis for the location in DUSAF X, Y and Z for each
element of these beamlines.
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MCA4 Lattice

1 MADT Veerion: BIHOE  Run: 1303/ § 214258
SURVE ¥ lnw L_SUVEY range wSWE
C n t I symen F o 3
onceptua ciemmr  seauence ceman

Bas shement occ. sumiLy a

na. name no L] [l
uegin R_suRvEr ° 00715113 222033 4701575 o3 78108 SEesamiizd 728708453 7283080533
tegin coLsecur ° SOTISI1NS 222110343 3044301575 98891 7HI0N  SBESAE1IZS 728708453 728 3084533
begin HEETAUP ] 30TISINS  W21M3 044701575 992917810 SBESOEII2Y 720700453 7287084533
bagin BEARING o BOTASIIES 22110343 044701575 WITEON  WIEIEII T2RI0MSH 7287084533
begin VERTEATS ° HOTASIIN  NTIOMI  HMTOISTS SOESLTRION  SBGSASIIZ  72M70MS3 728.3084533
wegn EXORTICS, 9 00715 W0 HMTOSTS 99531 7EI0  SEESREZ 728708453 7283080533
1 MR 200028 07329735 2222853 3044601952 LGNEISTIE ES51SSEM  SSSBSISES  aEESSATE1  7razamisd 7252481843
2 oRse A2 2436745 30445.20321 799457326 99987.8009  B06SE.0N86 723407302 7294072017
3 0co 25002e8 0445.77268 BI0M06%  WARNTE0NGF  BEEEEIN2Z  THDABMSL 1294304518
4 TRMORFT 2961506 30445 54265 STILIET ORGSO  SIEH 19101 7IAUGOT 7295508075
5 oE_3 B204376  FOTANBM  WAWIS 50196 WESII  FISHABAT  SESETIIIT  73RT0NIS 729.3019045
e aps:08 5204576 0074 30504 22241315 3044540135 WE5IIE  SIEHABEAT  SHESEI/IIT  TEATOMIS 7257013145
& maa 3204376 J0TA.N9M4  R24BIS  0MSHOI 2093942 J0G4TE4 WEASO10  IDWOEABGAT  BEAMII?  T2IOPIS 7293019146
7 HOD30 36AITEL  3OTAEEIN1  2224EI2E  30445.008 23802 19470787 119480016  SRSEEMAT MRG0T 7X.BMEE 122808596
8 Meos REAITS1  BOOPM 65111 Z24SIZS  BOAASEMY 2¢mnar 4ATAT 1194B0016 AR ENAT  WBENO 1123 PEBGE 729848596
] mag BROITSL  BOTARSINL  TWAEIIS  BDME.HY 2z Q170797 11MB00I6 WIIIWIT  WEONIT THBE 7298465895
1 HOD30 403626 0TAWITT  RIBAII 0MSL0785  2093E 1345183 13.2500843  S93ES 13347 S6ET1 I TEAFSNES 1295912845
wnd aps206 4030626 0TAMWTT 2250135 0MS00785 20932 SH.249063 132500849 99813347 S0E7LII  TRAIINES 7239912045
1 HTAIML 4138626 3007SQTSEE 2251262 304449632 20wz SSTT27 135716E3 9330057 SBETLSIETL  7Q27TEL 7300277013
12 BRET_ 42EMSS  MOTSMAM  MIBMENE  Wadd AN 209 SMOTN096 14070147 9BE TMMAT  SRETIMIPZ  7RO08IIIE 7380827282
3 QOEE 452085 HOTS.ATIS 222 5MMI 2095942 ETSEL MAWETE  WIMAIE  WETINIZ  THIEEOE 7301665063
1 Qoezos ATTIS OTSESE 202 5HMTH 2095342 155854152 155363343 593D 033 BBETEM51 7025088 730.2508848
15 oo1 4866735 30075566 222593366 20332 159655936 159663123 SIBEIBMS2  SBETIST2IS  7H.293IM 7302931148
18 oE0 5366715 OTENENL 222645925 29902 76061138 176073322 9IEEIE03  BBETASRM3T  7HATSAEE 7304750546
] EXVEBOIA 2416291 3007877235 22281852 2.m3542 276064132 2T.E125025  S9TOOMIT  GDEIIEIME 731033569 7310316656
18 oRET_B1 8812264 3007901836 222808517 2mn02 289056372 MILEEL 93761 WBEIATSESY 731031889 7310318828
13 BER1A HH3ETS  BCOSANEES 222 RIEEAY 2 ¢manar 289846115 IMUIOTAE  YAEIIISIAT  WRERd ADTRE 731031888 7310318588
0 oEXIE 8978827 30079.26968 222818516 23802 94820037 945209  WIETTANEX  WBEILNIA 73103186 7310318888
7 BEH 410696 HOMMIIT 222 BASHIS 2¢mnar ABIBNET BAMINE  VISIEIBEME  SBEALEINAN  TR1OBLNSE 10318822
2 HrRaz 9320896 HOTIMIT 22 BISHIS ] EIIIWNLT DIMINE  IIEIIIETS  FWEESEIN9N 731033057 7103822
7 VIRIMZ 91696 BOTOMIT  222.8IEHIS 2.0u3na2 WIITEADETS  SIENSEININ  7RA0NISE 71018822
] DCoLup S47BO6  HOTSGUOTE 222 BISSIZ 2.m3942 99876.3038%  SBABE.GAGE1 731031842 73103118123
25 MEDBUR 24TBIE  0TIETE 222813512 ] 9957630388 SEESEEEE} 731031802 7310318023
% BOB0_2 995UST  HOM0.30193 222838503 2.m3842 SOEISSSBM  SBARTSANE1 73103133 7310318325
2 QFEx07 10230530 3002 2206 2902 Sum7a9TI SEssENz0n 731031823 7310318227
2 aFexor 10517309 50080 67851 22218504 2 tmsaaz ssal 4z smsa S04 731031818 7310318181
= 080_2 11092671 308109069 2228188 2mze0 SesmEsiar  SEelE9ss 731031803 731021803
30 MBBBDWH 11042671 3008109068 Eresias 2 manar 8IS Eeiar s8I ESE 731031803 731 031503
n DCOILDWH 11397371 HONIIMTZ  22M84% 2003042 9937315631 9821058 731031796 7310317968
32 BED 11897871 30081 78780 22281848 2 m3nar S9027IAF WOMIGE  WWATIIMNG  WHEIIS2EE  1310317BY 731031733
] oE1 1207812 HOSIMAET  2R2MN 20304z UEINEY WEITIMI  MONIY  WEM0NIM  TRONNE 08T
sa Qoeos 12475287 BOBI BT 22.B4D 203942 409733321 #09I941E1  IATLIBAF WM TRLONIT 7101702
35 QoEE 1287267 BOSTEEIIE  2TMBAT 2.mna AZZAOH AZTNNM WINTII WHEHIZ TRLORNE 73103117503
3 o0 13372162 BOSIO6SIS 202 BIBAM 203342 438658353 4RATIN  SAGISNIT  WMITIZZ  TRIONTS 7310317505
37 oEXz 13553203 083221 222MBAEX 23542 44453019 4AGSSET  IBMEAG2 WMIWE 7303 B1031M3
33 oroLur 13308303 3008353025 22231848 203342 456764885 5.6325545  SIREIOMM I MUII 131031737 7310317378
33 MaDBUP 1390803 08353025 2281848 2.m3542 ASG264605 4S.GREHS  BWEOOB/M  WEIIW 71031737 B101TIN
a0 080_20 10319966 308388642 222818477 2mza0 463754251 G69EIS1e  WIEEEIMTI  WWW0AIEL 731031728 10778
a1 QFE209 14716041 308423022 222BIBAH 2.m3%42 4D277T004 4B.2W5HT  FDEEITM6 LWL\ 731031718 momnT?
a2 o 10716801 30802022 22281847 23802 432776084 €3.2336977  9ISETTM26  SBN01638e 731031718 101177
4 GFEXS 18413796 B0 5P401  HTBISATI  M4394RIM1  2éndeal 495797 A9SASEEI  ARETOEIPE  WBMOIEEINT 731431708 ~9S579EIN 731031%78
a1 080_20 1952¢070  M08495018  N2BIBEE  H4IME49  20W38a2 09206817 WIMEINE  WIEEIWIE  WNIWEIL 731031630 5082885167 731031698
4 MEDBDWN 15524170 MOSA 93018 HNTBIMEE  W4IDITES  2énaear SO928817 WAMENN  INSGEMNPE  WDMEEI 731033680 5092856167 731031658
45 oCoILowN 1551978 HOSS.IMZ ZIMIBIEE  F0IRI2I 2R 51928516 SI9MEIN  99EIWIT  SBRANNSE 73203291 5192856365 73103100
a7 BER 16329670 MOUSITH  NTMMR 0405 2.m3942 SISEESTIS SAETSOSTS  SRRGSONGL  SBMEI2NSE 731033670 -53SEERTISS 7310316743
a8 RExXsA 18566 HOSTTRIET  ZIMIBMG  FGTEE 20939 6I7IE ELITEISH  IWEOIE  SITIIIIS 73036 -FL770M358  TRLOREE
as 13339456 00S8IT6  W2EIBA 04373SEE 20msRaR 34111235 SIAITIN  SIFE0153II  S6TI4 A 731031606 5341112345 7310316081
50 apE2i3A 19726003 308356979 ZMI  HMIATII 2082 64713063 S0.7197937  SISRSO6  GTISIIIE 731031596 -F4713MET8 731031983
51 opezis 0123316 S0SBINISE  ZTMSEM  0EITIOT  20msRar 660153301 GE021376  SAAEESIII  SHTIE0NIZ 731031556 6601529005 7310315880
52 [ 0623216 HOMIMETL  R2EGAI  N4IET02T 2093942 -67E5571  ETGEITID  90BONVE  SOTIMREA  7IL0INTI -6IE55M0998 7310315733
53 BEXSE 1504289 300 CA03S  2IMEAN 043608931 2emssar 713835057 TISSEI11  SAASHEETSE SBTIIB0Q3 731031544 “71359%s1E 7310315438
54 BxvBo1a 23468542 09181045 222063319 04350032 2093842 7608945 TEO%S2E6  90833N08Y  BOTR640937 731198251 -TESU9MS0L 7311952511
55 o0 IROEESAT  BOOI2MI6S  NTIGE  HOMISOS005  20mIsar TREZNAS THEMWIE  W2SENM WTIRTM TILION2E 7862996491 731302652
56 oEXS 23968047 HO92MI6L IO I4I0S005 2093042 TBE2INAD THEIOES  DB2SENM  ATZIEIM 731302623 786299491 7313026232
57 Qe 43617 MOBLSST  NIMTOM WM 208Nl TIIN0MET THSWONE  INISIAM]  MITIESSIEE  TILIATISH 7993204521 7313878528
58 Qi3 2476229 MO9IIEE  WHI001  AMEIM 2083942 SIZMUBIS M2 MWESIIHTT STHOWI? 731X -B12MINSL  THATIST
59 o BI6RI MOWRI0NE  NIMSTI H4MAOT 2093942 SIS SZIAISH IBKOABSR  BETILAIEM  TILNE0NSS -BRETASEI41  TRLEE0MS45
L] BEXSA 26390187 0BT WINWESH MBI 2083942 EESIUZ EGSHITE  IIMESELIE  SOTM.OMON  73LB2TGES -BESTAML  TILB22E6HY
61 aFe2s 267INEZ OIS 23085633 0aIESIM 20w 878770775 STAMOSS)  PIWTHE02  SSTASI]0EI 731307899 3787707751 731907855
62 aFE2M 271837 09542201  23IANGU H4IIASEO6 2093942 DIATHOS WM BTN WGTEHUE0] 73N DADIKE 7319331251
62 L= 2TSTON0E 3095 ISEMZ  23IIIEM eI 20wEa L04931226 S0AHI0N2  TIMEEELIL BSOS 732076206 9044802253 7320762088
6 BED :BOTOS0N 3009 7886 2318981 0433 Cn3%2 2 imasal S2085817% SAWSZ1  WSIESINE  SEMRAENN:  T3218EMTE 208880208 7321835779
6e EvB0IC 5981 30970808 23SME  a32%2er 2gmEse 470889123 ST.O%TISE  9ITIIMEE1  WBTAITH0F 732307289 970888233 7323472885
68 BED 0BT MOWTHITE] 3NG4 043200312  2imasa SETIAISIT SIS WARAISIN04 SRS NP 1323aNTS SRINIEE 1323432084
wnd DHOPTICS, 1 009268 H0IAE]  HOITHMIZ  REAME  HA0512 202 BTN WIITII MBSO WML TILIATS 9872925223 TR23ATZIA
end VERTEXTS. 1 3009268 H00IAB  BOWTSITE] MMM 043200312 2énasal BEPHIIEXT SMIETINS  WARAISINO4 WAL NP T323ANTS LI IR2BAING
begin MATCHY 1 009268 H00M0B1  MOWTHIZ] NN M43 20eIRal BUTIINIT WTITIIG  WIMISI04 MBI TILEATETS -ARTE TILBIIISE
7 MATCD 1 30.32331 W37 WOITMOI  WIAMS LTS ] SIAESREI SAASHISE  WMIMI  SOMSISESI 73234769 9048523 T3R3472680
L MATCO1 2 50553 WSSEA1  BOITMOIT  WIAMS  WAILTIIET 20938z 00462 10025046 IIMLINONT  MEMESUIR 13234762 -I0.2425824 7323472523
6 oml 1 31053 305631 H0IIII  WI2BAI 0MISET 208392 01803002 10189033 9OB0SSIA1  SOMIMI0 7327 -1018830023 73234724
] omAT2 1 2530397 3080533 3010248355 232U HABUITE 209392 37068355 117474333 9383 ey SETELAAIEM  7323aT138 Sal7aEEIss: 7323471376
7 MATODIA 1 26137304 36139705 J0027TTIT RI2AM N4BWIE 209342 18560705 1IBS6NSE3  99MI2EISL  98TE2WV0L 732347128 SAB5E0I052  F323MT1TT
72 MATOPIA 2 2470872 4708 010306616 22321SM03  HM2BEIEES 209392 119659455 119662332 9IEILOIES  WETERINEE  7323a7N2L campswssz  F323enz
” Lo 2 16 41067 S6STDE  30103.438E8  MINSICE  B0a2B 06682 2 A3sar 21384878 121302782 %8831 2630% BT84 TSHSH  7323aM08 -121 7828781 7323473081
7 oml 2 2147087 374708 3010391201 2INSR 202 2093902 Q2203629 122943172 9IENABEY  WBTEELIASY  7323aNea -z2sieree 7323470982
” BMATS 1 40164793 A016BASY  BCAOB FASTE  2IMONEY  MEAMAZT  2imdsar 31773611 131780458 SMEO133  SAWIAGE  7323AN3E SBLTIEEN 732343025
% MATCDR 1 40.497668 4DSOIEY  BOIORSGASS  XIIIVTI  HAIIATI  209R4r AB2EEEIE1 1323T2E0 NISATIY  GRVTATE  TI2BANRS 2866360 7323470228
” MATEDE z 40.431043 4083Mdd  BCAOBMINE MBIV MATEEIE  2énasal A33ORGINY I33OGTOBS  WARDM 3644 WRIILTFABE  T323ANOIG SAIIEI0Y  7323420062
" ona 4 43552008 A13IMA BOIOTITEE  RINIIT WA 2099 AISEOCSED 1IS0BA 99N I0SEE  SBTVIIS0BN  732BAN0E SABEOEE  TI2BN0E
” OMATE 1 4175087 41753071 3010763596 :ISH 304260787 2m33a2 SBESTIZE 13ESSIF  SIBAMOS  FETIEMT  TI2ESE SIS TI2EWIT
0 ona 3 4225087 4225071 BONSOTHO  WINVME  04SRE 2mina CHEGITER IRAISET  FIBRSEWAS  WETIAIE TR SABmEITIT 732349%01
1 OMATS 1 4225087 42753071 S0M0BOTI08 23 USIE 304353089 283342 S3BEITEE 135625557 993 SEBAE  SBTIITEA3 73234838 S1mEITETIT 7323465601
wnd MATCHI 1 4225067 4225071 300807309 23296 304253209 2.m3542 SBEGITER 13065557 9DB2SGBAE  SOTMATEMED 7323638 S1EIT67IT 7323463001
begin momcoLs 1 4z 25087 42753071 S000SO7I08 23215366 304253289 23542 S35 E1TER 135625857 5932445 BT Tsia3 73234838 S1mEITETIT 732 3465801
begin MOMCONE 1 4225067 4225071 3010807309 RIADME 304255209 20m3m42 SBBEITER 1OESSST  9DB22S00AE  SOTIATEM  732MED8 S1BEIT7IT 732346001
a2 oml € 4275067 42753071 J0I0BKEX  RINIE  0AEE791 2.u38a2 -MO.681  M02660T  WDEITHMAY  SETE1IENSL  TR2MENT -100.2500996 7323469703
3 om1 7 43.25067 4325371 3010899934 23293 42542923 24093842 -M18%52 M1906397 93803 BOTREOESZ TI2MMST -1410305195 732346371
2 MUNBOLA 1 4629867 4B302687  BOILIANITE  NI2INNT  M4NTE4E2 2200008 151808819 181901364 SDSILASEOT  SATS0MGRE  7323AENES -ISLESES102  TEZ B46BES
35 [ ) 4679067 ABBOSEE  BCALIIE0S  MNIMOIW WM 2308 15353939 I535517H  9OEMSHON WML TILMAETE SISESAARNL  T323MERMLE
1% MUMQOER 1 47195548 4TI BOLIZINEZE  WIIN  M4IIEl 220000 154341027 154353857  WORILTIOEX  WATIBISTSE  TI2BARNEZ S1MBAN2 TE BEREZ
2 wuMoos  Z 475242 ATSSERE  BOUISIT  WINGIT 00 23085 5614306 ISEASEM SRBIZSAONE  SETMMM0TO6  T32MMRISE 156043057 7323468622
38 i ° 48922 809332 1I29IIE  WINOII  FMILMME 220302 5178/ ISLIE  WIRONIE WELTII TI2EET sy redaEe 7E23esan
e MUHBDIAA 1 5134042 SL458M4  IOUSTEIS WIS NI 23W 167703525 167801321 9IBISE0033  SESRAGAZI  TI2METET 1677835253 7323467660
0 oml 0 5160042 SLEM5SM4  3CIISEESSE  2INIIW  HM20AMED 162423345 16344170 935N SI263  SBEAEMI3  7323METST SaEazIsz TR 3METST
Er MuMEDs 3 s157105 S18TBIT4 3011583863 2231836 30420 27838 170150805 17015401 53504 015Y  SBa0N 23233 73234875 <17 1606053 7323467504
2 MuMs 2 w2308 £230704 0160058 2INSIM 42012315 170937265 170955061  SIF0ISOTS  WWBT0AE  TI2IAETA -am3ETEse 3323067039
2 oml bt 5280168 S2E0TI0N  301I63MSS QI HM19.7TBES2 72577685 172595481 9960244305 9B207.00030 7TIZMETM -AT2SITCESS  TRMETM
2 MUHBO1E 1 45 E49E8 SEESTMIY  J01IBATEGL RIS 2041746012 82677688 18203108 WOTIL20747  BBEIBA0N0)  TI2IAEEEZ BLETTEN 7323466619
as om1 2 4634968 SEISM2Y  01ISME4  RINE  H0417.19584 104218105 104243528 9O7TIIMETY  BBAG2SI  TI2MEES2 1802100049 TR 346652
% MUMEDY 1 TS SESSE0M  JOIINAG2IZ  NENE  H416.49082 18520108 IBESASEIL  DWAIME  MIMILTENSS  TI2BAEGeR SIES0IBE2  TB2BAERAR2
7 MUMED z 56.94343 S5951179  BCUSMEM WIS IAIESESE BES2RT EMTEH LB SBSIGEWEE  732MAGGIT SIBRNTIS  TRMERN
L oml 5 $7.44343 STASUTE  BOLISAEIE  NIIBAST  H416.30153 IILAE26N1 JBLABMN  SDTWOEMSE  SISITEENIT  TR2BGER SABAE2OM  TRLBAGRIS
e MUMGD3 1 57840305 STBABOS  FOUSWIOM  WINUSIM  4ISIES STEHTIS WE.TOISE  WTWEEE SN0 TI2MEGLR SABTEITT 7323466825
100 Mummz 2 5823728 SEMGI 30139 RINWI IS 91066353 191092281  SITEEEI03  SEIIBIME  7323A6603 -mp0sesse 732368028
101 oml u 5273718 SEMOI  F0045HS  WITBUE IS0 92707278 B2TRIOL WIETARIS GBWO.WIE 732 SIS0TTIS TR MESS3
102 oml I w3278 920 3WVIIE RIZBAUS 1M 930793 3373120 9WSEASIE  SBma32 732306883 1903475973 7323465831
103 o ) w8771 saTMEITR SCNZIMM3GY M3 NSTY 30414 43886 CI9SSEEINE 196013541 SATHI S00BL BRI 4RISL 7234847 -1 3881177 72 68T
100 mom 1 sam718 S84 3214960 232921 HMMAIEE 2447371 1959BE1lE 1E0M341  9ITIB0BS  WW48 7323657 s 3emnT B2HEsT
wnd MOMCOINE 1 wa s saTMeIT  SONZI4NNA  Z3NSE1 3041443885 2a473n S9SSEEINE 1EL13B1 HATHI B0BE  SBRTARISL 7234847 -1 3881177 72 uEsT

CONCEPTUAL DESIGN REPORT e SECTION 2.2 e PAGE 18
Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
@ Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC



2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure

b e 1 w978 SATNT NG RIVWAI 0414 43066 0000007  3EAE  AMSGEIN 1ELIIAT  FTAIIST S TRET AWIWUT  TIZIEST
tegin woMcowE 2 VOBTIE 597403 ORI RIIVAD 041443865 -0000007 BEQS  I9SAEIN 101341 YOTBSNIET  SE2AA  TRIAEST -memun  T3ZMES
06 oM 2 5373718 SATERS  0RNMEE  WIIBAI 3041443665 0000007 SE05 0% SENIE A1) FEA0E5  SEITAEISA  TE3ART amssmnm TarEst
07 o 2 5023718 BRI NRLA WIWB AL 0000007 EQE  I76S3 BTESIE  SWAIGNL  WISNE  TRMEE -ISTEBEE 732 MESE0T
08 w3 W wsne RO WRLBME  RLARM A0 0000007 BEQS  IMI6WST MM UIELINIS WSS TRMET AWIGITS LIS
3 w1 1 saasna Fl2ee  0NreN3:  MI2m2N 30413 1mEs3 0000007 BEE  -NOSOSSTI MDBN  ¥STEIIME1  SHAISEIE 132 Masea? SXOSSITM 7323468372
130 MUMGDI 3 GLEMDSS 15410 0L2307M  232M22 3041298081 0000007 E0S  M22IME] W23 99TEOINE e -H22IMER  P32MEs2IY
m mumQes 1 5203093 62038673 0L2EENIS  2mAWA  FOMIETET 0000007 BEGE  203SIA WIMEET AT [T RSN TRRaEATS
1z oW1 1w 6253093 62538679 H02EWI0S  WI2WA HAI2BIN 0000007 3EAE  -6ASWE4 WA SITTUSEAR 32345508 HEASEH 732465077
1z MUMGH 3 G2ONIB0%  G293SK4  OLBAMOE  REIDR1Y  30411S86% OONGT 0B 206AIRAT NEASMT  997T6SST 723a6098 AU TR2MENS
14 mumoos 4 6332068 E133220  JORMISESS  RIDBAE  00168ME 0000007 BEGE  -DLIEI WITMSM  wSIIBEMSE 12346488 SPIINE TR23eEaRE
15 om1 13 63888 5383213 0LIMETT  BMIIBAI  3041W7Z 00007 BE05  -MOIBESS  WIAZIIM T SMN 3234678 -203335500 TIZIGATEY conceptual
16 MUHEOIB 2 65 57263 SIS NS08 RIAWIN  0M0BEB23 0000006 3EQE  -2193ES5 TG0 WEABR 72345409 293/ 732 MEMST
a7 w3 ® eane B WRSIBI WIIOND  H0NGAMR 0C00NE  3EGS  -RAGST ZIGTI0Z  FITEEI0916 R 2NOIWT  TILMEN .
18 Mumoss 3 6780331 7813580 0iTagmisy  23Pilss 30408 M08TS [CO0DCE M8 21T INIADEEEL  4STM 46165 732 346596 .2 rsEsm 7323463961 DeSIgn
1 oMo 4 57833340 67544014 DIGCOSHM 2B/ 3040801326 0000006 05  -228529 RRSEIMI  I9INIS 732 34633 -zssestl  732MME36
2 o3 a seame BRMAGI  0RETOR WIS 00188 0000005 EQS  RABITL RODSTE,  WIEAEIN 732 1538 2! TMETT
121 MuHBIMA 2 113190 L6 QT IOS  RIIWI 30404 T 0000006 EQE  BANET BANOTR 9975363 2617 2MARTOW 7323463174
122 o1 2 s TLEIIRE  JORTHIS  RILMIEL  0H0LATR -0000006  EQS  -2SENI3 BTN 997219763 2346308 ZmEBEY  PR2ME0TS Report
123 MUMGOIA 3 T2TEEle 72290401 OLAIM0Y  RI2NIEE 30001133 0000008 4E06 mwans sweloeel 230608 aamam TRt
124 [ 7267563 T2SWME  NLBGET WIS 0403755 0000006 4605 BOATEHE  9IMIARST 23891 mAIBR 732 M6
s ow3 3 manm UG ORISR WD 3040300569 0000006 EQE  200TTI6 HOSTE  FIMEIMIT ] H00TTIA TR2MEE
126 MUKBOLA 2 7622369 T WLIMIE 2B2BS 04004979 0000006 SEQE  -2W0OTITI6 B0.206E  997I.14669 R -2007THS  TRMENT
27 o1 . ems 673677 NIAWEDS  RILWIR  IM0LRIS 0000006 SEQS  2SL7IEI36 FLTENCS 9973160061 [T mEBE 732ME2
128 w3 PR e 7223671 0B0GAE  RIWZ?  0WIL0I 0000005 SEQS  2S3SESSE mIe01sE  FEIEMS 732306203 -asassssr  72aEaas
wnd MOMCOME 2 7722389 AT WINBUE WIS 0000006 SEQF 253358856 53401535 337653 732346203 .25 3sEsseT  732IMGI02S
end MomcoLl 1 7722369 T W06 WD WIS 0000006 SEQS  2S3SHSSE ZS3ADISE  Y9TEANS 72346208 2SS 732M4E025
wnd easNG 1 7222369 EMT WBOLGNE RIS 0L 0000006 SEQE  2633SEEE 134013 4STENMSE 72306208 R
negin MOMMATEH 1 7722369 723678 0B0GE 2RIz 30785403 0000008 SEGE  2%33%sesE :Ad01SH  YSTIEMSS 752 346203 .assasessr  7a23aea00s
= e 1 70032 AR WIS WA H0IRBIM 0000006 SEQS  ZMAISAE BSOISEIS IS ) By TR
10 MuFaL z 77.60435 TEMT U6 WI2BIZT HONLISST 0000006 SEQS  TWATITE DABS  99THEA2 732346196 AT TRLEGI96
1 OMOM1 1 TomMem  7aniMes  OBOMO0S  2IISII 30T 6669 000006 SEAE  1WSlsSH MAUSISZ 49NN 32 34166 I 752 IGI6ES
12 smoee 1 TeasasER TasESs  JOBOTIM BRIBIN 30mTM958 0000006 SEQS  2R0EM2I3 HOTIAIE  $STmsR 23as16: EnNE  Ts2MEEIT
133 MuDoz 3 TaRIIS 79SS NB0SMI:  RIAE  0WTIRn 0000006 SEQS  2614MBI3 WIATOM MBS 32 34616 2SL0IET 732346153
134 omomz 1 94ISA 416705 OBSENEE NI 30333 0000006  SEQE  -XBS04545 WBMISM 983 0% 732345894 MBI 732 M58
1 b 1 sBBaTI SIS JBEIETST 23219033 30M3INEL 0000006 SEQE  -MSEEI0L XB041M  ¥36E2am8 722345888 (ABEEIE 72358876
13 e B sagislE saeames  01esisns 2321032 30383 188 0000006  SEE  -0417Es SDAE0M  S%A2DT6T  S481057A8 12 3astma st0atrses  7323assads
17 omom3 1 Sema:  WBIE0I  RIZBII H0IE2IN 0000005 SEOS 351y X7 GSRGEINZE  SEIEMSII 1RSI aEsnasl  P32MsiEr
18 MuFGE 1 100090382 ONTETZ W02 0ITE 0206 00006 SEGF  FHA0NTH REMIM  INSATI]  SEIEESNI  TRLMES WINOTE TILMSIEGY
19 MM z 100310812 BOBIMAT 2329 BONT.0ZE -0000006  SEOS  -3MOGOTIS ROOII0N  WGREATOSN  SIST71093 TR2BSII9 /ORI 7523451793
180 omr 1 101310812 30IACIASE 232U 30MTESEOTI 000006  SEGE 3R 34176 B2iS4S4  YSEE1 6182 SWTAIOTS 132348763 AB2uAST 752MsTEN
w a1 3 01330822 WBIAWIZZ WIS W0 0000005 SEQS 23S MIZWR  WEEIINM  SWILEI 1R3ENT 2amee 7R23sON1
wnd MOMMATCH 1 104310832 NBIWITL WIWTE 00 0000006 SE0S  MRIBMIM M2LIM  WIEIIWM  SWILeN TRMS0T 3421540544 7323452071
wnd HOETAUP 1 104310812 WBIGIZZ  WIWE 074033 0000006 SEQE M2 M2RIK  ORIIWM  SWILEI TRMWT HM2AMOMA 7323453071
begin HOMATCHT 1 14310812 BIBIZE WIS 03740333 0006 SEGE  M2IGN90 MIA0EM  TIRIINIM  SEALATI PRMSOT MMM 7234SN071
negin AtmaTCcHI 1 104330812 0matelr:  2328e7e 303740333 0000008  SEF 6215654 2220081 ¥SRS2 33 S&SE1eanal 132 3asnr “azisisia 7323450071
uz WP 1 104310812 WBGIZZ  RIZWTE IO 000006 SEGE M0N0 M22WG  WGIINM  MEILEII TR.MSNT 2104 732357071
3 a1 z WIHWI  0MOMITE  WIIWIE  03IWSE: 0000005 SEQS  S2026M 2069583  UIMIONISE  SSSNATNEIl 732345651 3206238 7RSS
14 omT 2 106310812 30MO4116  2I2AME 0N :MIM (000006  SEQE 33054 S5IS04T  SEGEAT  SMNSBAMA 1R 3SR “366307485 7323456317
s MuMRe 1 04500042 0MOMEH 222U 303004597 0000006 SEQS 3061 IEI0IE  9SROSE  SEBIE1IEI 132328 -e0R1IN 7323456284
16 [ - W8TI072  MOEIIE 2213 3036046l 0000008 SEQS  BSSNTI MEEEING  USHSLEN1  SEEE3NSNE 13234 atesoivie razsasezsd
7 oMtz 1 102523 N0 WIAWR 0465 0000006  SEQE  3MBO0S21 IABISI  9GRISGED  SMIRIPIT TRMB2 373005206 732455234
s MuNOIS 1 144823 UMY WI2WI I0IAME1E 0000006 SEQE  SUSSSTIN) MSO01ST  UIROSESI  GWLENIEI R34S ATSSSTIRN 7323456201
s MUMOOS 2 LAMOMR 1147186 MMREIT  RIZIZ 0342881 0000006 SEOE  -M631341 NEISERI  99R0.1NI9  SM2as2  TR2MSIT -TIBBCE  TR2MSEIEE
150 omT 12BN I2SERI1 NMSEM RIS 3035650408 0000005 SES  403DGMGET 403307635 SHO4SEE  SHOLBISHE 732345366 7323453653
1 MUMRS 1 323080760 1B09TBM1 OMS.3S003  RIISETE 06T 0000005 SEQS 40352131 BG4I USNA M6 SUNR0IME  1R234%3 7235626
152 MUMRS @ I3EISEM LBS2M71 BOMBASIST  BEIISET] 303560093 0000006  SE0S  40ISTTS] 404095 9SIISATI  SANLII6  TRMIE 7523453561
153 [Iey 1 LRSI 1832871 NMSGIST  RI2BET1 30363083 0000006 SEQS  40ISTMET 4040956 9NSILITI  SAN2IME  1R2MIE 7323453561
154 w1 3 LAMSIM 1B&IT1 MONSEMEY  RIEEES 30356381 0000008 SEQS  A0EZISI0] MBI  UNSINEED  SEN2ENES T3NS 7323483085
155 ot 1 1270sB 179116 0MESITE  BI2E8E 3038178920 0000005 SES  41SETIEY 41963015 9349 WSS 5490738466 132 3asita T2msran
end ACMATCHI 1 IS5 IWSISI6  WMESTITZ  REZSME 3055178320 00006 SEGS  4ISEITISY 419690185 UINTRIMSE  SEOTMEE RLMEN TR MR
egin COSECU 1 LSS 17918816 M0MESTITZ  NEIMGE  0NLTEIN 0000006 SEOE  <IENTINY 419690158 SSMIOBNSE  SINT3MEE 1R8N mmsM
egin COUECKA 1 f27Sis 127818816 MOMESTITE  BI2issde 3031 a2 000006  SEME  <DESTIEY 1963018 YSLIONMSE  S4S0738466 132 3asita 523482741
155 ocets 1 BB IEmmI WNIH0E  BLIS5  0MSmER 0000006  SEGS  433WEI A IBTIAS SIS TR T3
157 COLOR 1 1035043 1043146 OMITIIIT  NIEEI  S0M5.M093 0000005  SE0F 47955519 MIGMEA™  SHILAIL  SIOABOT  TRMRI ]
158 CWGRI 2 OGRS ANIINIE  WMLIMS  RITWWI  WMILEIE 0000006  SEQE  427IEI 21TSSIE  9GNIAINGS  SIGI0MI6  7R2345228 7323452281
15 ocout 1 B0sEER  104TNIE 00ISE1T 23208829 30MESRI 0000006 SEQE 43603 49T USNIOIEIS]  SES1063188  1323asas 123482183
184 €OLGGOZ 1 13108708 131110008  0MSC38SS  MIIISENS  30METress [0000CE  SE0S 4 A0NEY 4IDISINIE  YSNSAESTI  SEmI0BMATE PR sasi1s 732 306215
151 COLODOZ 2 BAWMHBH  1BIM0G  DUANSH  RIAGET  0MEISIS 0000006  SE06  40B6W) 400NEE  IUETESD  SWMILAGE TR.MIIZ m2UR1T
152 occls 1 BEBAM  1E0W] NIGMIET RN HOMIINAI 0000006 SEOS  446AZNET MO0 WSMIILN]  SIIEATMA  TRMSIT 7523451299
163 OGRS 1 13EANISM 136436621 MOMOMIATE  RB2IATS 304375504 0000006 SEAE 447583121 TE2EES  YSMIYWI  MWIETSI TR MY ATSBIIR  72BS1166
COLOFS 2 DEEMIM  1EERS1 MMM RIIWN  J0MILIE -0000006  SEQS 445340387 MB3B336 996228608 SBIEEN 13238113 433403873 7323451133
ocolz 1 BTN 16T NI00696  BIIMIM 30M306643 0000006  SE0S 449300807 4SOMC3TIE  WBSATA  SEITSSI TRMSN3 30507 F32MI03
€OlQ0OI 1 BIEIM 173971 I0MOM  RITWII  H0M2W06 0000006  SEQE  4SO7IMET 4S04  9GIO0NET  SWILTMI TS 073MER 732 MSH00T
COLG00E 7 IEISAM  1ESIL  WINATIE  RIO1 30MIET 0000006 SEQR 45144127 45193087  UIMIILTI  9WIOIBI  TRMK ASLAMIE 72340936
oot 1 MEISM 1MES11  M0MOSNE BB 30MOMET: 0000006  SEE 45058807 4SBORETE  ¥SM3133 5432022547 12 3ases 7323450875
COSECPA 1 I@EISIM 19511 0SS 232 0MOMER 0000005 SEOS 405507 4SBOBETIE  9SM3133D  SHSNOSAT  TR23ABE s0sae 73230575
COLECPA 1 B9EIS(N W61 J0MS0SESS RIS NMOMER 0000005 SEQS 45805807 4SBOBETIS  UIMIAEII ST 1R2308 508506 73UNSTS
ot T MIGISM 162511 018195406 23218769 30MBIEATE 000006 SEAE 4R EIMB] 464 660456 YULEDMSO]  SWIEAISE TR 34021 -6 BI4BES 7323480214
€OLQDOS 1 M1MEOM  M1SSSM1  MBLELS  RIGES  0BHT 0000008 SEQS  4G53M167 4654171 99262383 123450182
COLGOOS 2 M20766M  L208WI1  0ILWEI  RIAWIEE 0BT 0000008 SEQE 466130807 4EEATETIE  ¥SIEATE 7323480116
oo 3 M2STSEM  MZSEWT1  0ISLEVSSS  NI2GI 30BTMSTE 0000006 SEQE  4677AZ] AGTAMIN %3377 732.345005
COORT 1 MZMTHM 2300001 MBISMF  NRIE  JORLINE 00000E  SEGS  AGESITUST ASBSTONSE  FINER2556 TRz EIEs
COORT @ MEON9M 1420801 BONSZONS: NEIMTEL  ONTANON 0000006 SEQE 428647 4EDRTSIE  YILI2S46A TRz Mame2
oot 3 M7E M79IMNS  0IS3ESSs  2I2UEIM 30332938 0000005 SEO5 485245685 435183650 5%6175032 7323485066
COLGDOS 1 MBMESN  MBlEIS  HNISIBIS  WILANE  0BINMG 0000008 SE08 ABEOISIM 9916005 72230033
COQOOS B MBS MEITTME  OBRENTE BN 03250012 0000006 SE-06 43615 9951607691 7323448968
ocou 2 MEBSOIE  lMTRME  MISISTEM 23218028 3033200988 0000008 SEQS amaam 99nLsME 732188069
COLOFS 1 Me0TR 1e10TTE  30le(siSr  REETN 303ELS 0000008 SE06 ames0s 99k amEs 1323008836
CoUORs @ MS3I08 1e33ASs0s  0ISOIBI00  232ISTIE 30331451 -0co00ts s assmsTi 99513 10454 732 3408504
oces 3 BIERSHB ISIIS05  0ISLTINT  ERIWIS  HON9IIN 0000006 SE05 sEsTH 990697 TR M
COECKA 1 51325409 1513306 HOISATSMT  RI2TIS  MORSTION 0000006 SE-08 MEHTIH 9INEINT 7523440443
COBECT 1 1513500 1S1BS06 NI4T RIZWNS 03971016 0000008 SEQS ampsnw 9IwEs2 T2 34a4a3
ocots 5 1335405 15333305 S0ISSETS WI2SWI  30RTASIS 0000008 SE05 WIOTIOTS 33007353 7323488049
COWOR3 1 1S35E0B  ISISENI6  WBLM3  RINWNI  HRWEIE 0000006 SE-06 WIWTH IIW00RTE 7323440015
CUQRB 7 BATER  ISSTIWES WL RI2N01  HRIHMS 0000006 SE05 WM 9IORIR2 7234a7983
oo 3 laMERE 1% 29966 301867 232086 20326919 (000006  SEE  -S061%Sad G0 232813 43481 7e3se 7323441885
COLGDI0 1 145172 1530396 0ISESE3L  RI2BEN 0267018 0000006 SEGS  SOBSMESON WESEIM 99970033 73234407852
COLGOI0 2 MM 150761026 0SS RIISE  0REAST 0000006 SEGE  SOTI0NEE WITMEIM SIS T2meEs
ot 3 0GISM 19EZMN1 ISP NIW6E 303210993 (0000006  SEAE  SBEGG02 ST MGIIHOI  SIMIIMS TR STBERIOM 7323446901
COOFIL 1 IS9MISM 19356611 J0ISPEES]  2IIWEEI 3032163193 0000006 SEGE  SMANE3 SMAENIR  IMIDLWEY  SIM2IEIS PRGN -SMADER 732344668
COLOFIL 2 1007ale  100BTM1  JOIGTTRIE  NEIMEEE 3032146481 0000006 SEQE  SATIEZ GEINSE  UMIGAEIN  SISG2ENSES  13234dEB -SHATENE  T2lsesds
ooz 3 0SPAM I0SERM1  J0ISPENTL  NIA6E 30303 0000006  SEE  SHEINM2 WEEILR  UMIBINES  BMINEU TR -SHBBOS  732METT
COQOIT 1 IRWETH MRS RNTHIE  REDSEE  0R0.7755 0000006 SEQR  SWSMI0F SIMIER  TMILESST  SBMIAEI0N  TRIT STSUIE TR
13 COLG01Z T IFI0ISM 161045501  BOISAOMEE  MBIISEF  ORNDSSESS 0000006  SEOF  -SM3MIEE MBIMIR  SIGNHN  SIMITIN TRIER -SHINWT  T2IMEEE
14 ocou 3 163035400 1G.04S01  0ISE136 22643 30318 67361 -0000006  SEQS  SMESNMX SMSIEDN  9MMOTIOS  SHMSNE 13234628 -5ME00 732277
wegn WATCHED 1 6303500 16308801 0IE7INS  RI2EEA  A0FBETIEL 0000008 SEQS  SMENNNY SMEON  USNOTIO0S  SESKNE 132344628 T e
15 ouATTs 1 WSMTSB 1608052 0B9NSST RIS W0NETIN 0000006  SE0B  SA1ABME2 WM1S3MSI  UMGAEI6  SEMSIIZ 7R S1ASMEE 7323485517
196 Ll 1 WSMIN 162915 01946295 226N 0M6LEN 0000006  SEQS  SR251142 M2AMAR  MEIIMIZ  SWMLIE  TR34450 22610 7323445884
17 @ SHATE 16552188 30195000 RI2UEI  30NEMT 0000006 SE06 2 IuE19 12 deasn2 -S30070008 732 Bes81E
188 1 teEcosrE  1es0ss  30Me NS 2IEEI  3031s8nz 0000006  SEAE S EMS22) MI4GSIIS  YSE1SIED  SESANE 12 saser: ‘e gasizh 732 seasny
= 1 mE2MB 18251 0MSATMM 2326 3031565356 0000005 SEQS  SSADMSD SADAATER  USMEDB0TS  SHMSANMS 1234459 -S454DIBES 732345687
00 T 64RO 164N R0ISESIBZ 23263 0000006 SE0F  BEGIAF MEMMSIT  SMEON0R  SUMIETIII RIS 461615425 73234E5654
21 1 1BTAIMG I6TA26528  MIOOTEIT 232626 0000006  SEQE  SIB2392 MBSIE  9%SHI0MS  SISKOTMNN TR A4S B2 PE2adssa3
end 1 18TIIM3 16126528 0100763 232862 -0000008  SEQS  SI27a9r MB3ISIB  9SeSHI01S  SELOIEND TR MALR -smmen  PR2lss2l
wnd 1 IETIIM3 18712628 018007637 223215625 0000005  SE0F 55272597 MBAISIG GBS 1015 3037531 13 a4assl sa2me 7a2asssad
wnd 1 16TABE 16702628 0007637 WIWE 0000006  SEQS SS9 SIBAISI  9NMSBIONS  SENOE  TRMMSR 823393 TRRMASS2E
e 1 167213 67126528 WI0OT6IT  WIBISE  H0RL 0000006 SEQF S92 MESIH  UISEIONS  9WHOIEI  TRIMSH SBIIFE 7RIS
end 1 18TA133 1E7126328  3010076ST 23218626 3031 8011 0000006  SEGE S8 229) MBISIE  YSSH 10116 SSH03TEMA 12 Badss? (48222593 P32naessiy
02 1 N2eele  NeAEN7  WLGR0 BRI 30218199 0000008 SEQS 66412606 66469033  USMOANSE  SENSMSE 13230306 612082 72363906
wegin 1 MEassNs  MedeN07  NTLES0  mIAIMIS 30:81519% 0000006 SES  BSHI0S BSA 03 WIMBAISE  SESEINS 7R 34308 .66 2800 732363908
begin 1 N2AEWE NCARRO?  NWLENDD  LI2MI 30215199 Q0006 SEGE L0 FSAR0I  FIMBANOE  SBNIIMSE TRMINE SR IMOMR TILEG06
03 o1 3 W2SENA  A0MENOT  MONREZL  RI2MI  H0MIMEN 0000006 SEOE 6656648 50045 99MI2GS0  SISNOENES  TR2B4MYE -ELABSAS] 7323438961
4 Frvis 1 Mairsis  daissas  oMeasser  madsr  30rrsmers 0604001 SEGE  S966a8 EO%WMME  YSMINI0N9  S4SN101%6 132 isusrs ‘e gesaTs  Ps22enIY
23 ow3 W WAETSUE  IMSEMIIE  WNZEOM  BIINIE 0T 0001001 SEQS ISR ETLMSIE  USMIINSS SISl 1R.E0 TLSEETE  7R2ESEE0M
06 o 1 WGOFBE  WSOMSIE WIS WM 02706 002400 SEQF  SRITIEE F2IEEM  9IMOTEION SIS TR2.226H4 T TEEES  73LIENMI
07 LG T MEMMB  WSABSIE  IVLIATS  RIATISE  IONE 20308 0024001 SEQE  SMOI0233 GBI WIS OIN24M  TRA9SM1 -6M 023 7321950006
08 w1 T WMeSIME  69K89E  HONACSEE:  RIAEIE 022l 0001001 SEQS  EMESORSH E1STTH USHSONS]  SEMISN2  1RISEN e
03 orF1 1 jrwne  N73T@7E  S0WSSaTE  mIAIER 30276 62 0004001 S5 S3NEI6 G0IEIEH  FSIIEM SIS TR204eSET 680326161 720488673

CONCEPTUAL DESIGN REPORT e SECTION 2.2 e PAGE 19
Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
@ Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC



2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure

1o owa 30 PSEMS  NTAIATE  OIFEENMSS MMM SOXMANMT 28008 0MOO4  WAE  SH1MLN GROGHOI WSRO AMOERE 73200848 esisee  7zcotasss
a Froaz 1 eaMe N3N0 NITBINZ 231004 OIS 2308 00MO04 SEOS 693 M2N) GSAINEY NI WSS IN9INB sspamn  masmams
a1z oz T WATESMS  NEMTE  ITLIWSS A0S ROImAOME 1SN OMOD4 N5 SMOEISHT GNISM3 MBI WA 73mes SAAINEET TR
3 om1 3 WAINSIS  NAMAIE  OINIME:  NAMNS  H0ISIMI3 2SN OMO04  SEdF  GIGASOTEY GWIOMSI  WOITEGNG  WSISRD 731EVD SEASITIES  THLSTEN
21 oir2 1 mrman  mazend Ml 23002 02230008 25008 00004 SEQE 49638783 6T WIIEE  SHNRIEUE  TILESON geesTas 136607
a1s oma 3 mImawn  aaTMABT  mimime  masEr  RISHST 18008 O0MOM  %4F  SWSIT @S0 WITONA  :0040WS  T3LEIST ssrsennr mmnens
216 Frras 1 EMABMS  MBMONT  WmAME  R9EIl OISR 2508 DOMOGA  SEAE  SMSEH GHIUS0T  WISENE  WO0LIND 7315096 SIS 7109683

conceptual ur FEFQE T ABEINT 2135262 JOISSE 2297867 M210MI  2aM8 00004 SEOE 00206 NOSEHSM  WIMEMIS  YHGI2903  TILSENE 00802606 THLS605EEL
=18 ou1 35 Mem? 240261 IFIMET  SENGE  S0rOES? 28008 00MO04 A6 MIMISH NRISWAI  MIINONT  SI001804E 73151is e

. a1 oF2 1 emamee1 2192813 NS  RRMISE  02GETES 28008 D0MODH  SEQE 7193085 THAZMIT WGBS %SG 7317 19385 TLWIMTS
Deslgn a0 0w 3 IBIEES]  HSTEITG  SUTIN  mRTeIS MOS0 1BNE  OOMON N5 THONTT THOSMST  WInN®  WO0B1eI 73106 TO2STSL T oeTsIR
a1 Fro0e 1 INIMMI OIS VI NGNS HOMMBEN? 2S00 OMOO4  SEAF  JRNNE TRINSOI  WIM0MT  WONSIHI 730N TSI TRLGISHT
e MEFFFI1 1 2018701 220670 MITIM03 228028 NIGLBGS2 2808 00MO0H  SEQE 722036 TRINSM  WIWIT  INGASITI 73L0ET 2z TGRSR
pe o 1 Bmamen  meaeTes  Amriaos  mEewmss 0T 28008 00MDM  RAF TR TmSN0N WISAI0MT 008537 73103757 Tamies menn
Report CREC i g R e e
s Fras 3 INSWEN Z0SEMA  MIMIRD] NN MOIMATGA  IENE  Q0MO04  SEQF  THSONS THRAT  WELM  TRNIMI TIMNT TaEssONII 73C071M
22 oma 3 :MOwEE  20S3ME  M0ISOTOT  NAfES1 MO0 25008 J0MOOA  AE  TimSsH TRIamAl M1 w0MumI 100 arismes  mosrnn
25 ) :  ameslz  2ESG9 MIMEWIT  22TES]  0IM0SE1 2308 0MD04  SEAE 2401547 7R4G015  WESINS  SN0BEWT 7305539% Te2eme  Tosmmss
s om1 36 amIwE2 29699 MIN022  23SKSS 0SS 2S008  QOMODM  SENF  TAMGSZIT TMIMM  WISIS B aegsaEsy  T0susEs
a Feras 3 mramss nPaSSHS WDIRIS MRS 0NGINOI  2SN08  D0MOOA  SEE M0 MSIHO1  WRRINER WM 7304417 SINAIS  TIOABAITS
2 FrrQs 4 amsEMT2  227TSEISR NIM2M21 22264217 N2SLASRE 28008 Q0O SEAE  MGELS  MEESITES  WRLINM  9NIEGME 730453775 4E515M02  TI0AS3TIA
s ow1 57 memerz  :E0SI®Y  MMOAIE NGNS J0SIETIS 26008 Q0MO0A  SE0F  MENE TBI9WSE WA SN0I21E 7019601 48286101 TH0AlNe0s
0 oFz T mmoms: D0 MMLANIE  N2SENE 0553 2BNE  DOMOOA  AF  TSNN0E TSISNSI  BI0MIB  SWMSIE 7308773 TRITEES TRATISHS
a1 0w B BMSTSI 25596 WULEINS  N2MEIE  MOIMORTI 28N 0MO04  SESF  TSOTESSO6 TSAGISTI  WSATING  90NSEI 73036 TSATESMER  TI0.IMIRG
2 Fro0z 3 200183 220046 WIELTME  22GIKT7 KRMETH2  2KO8  00MO04  SEOF  JELNZET TELZINTID  WITAMM  WHOSNIY  730.HIME 6L 7010306
a3 Fro0z 4 23R4S 23245906 NSNS 222525236  N2IWAE 2808 QOMOM  SEOE  F62EIEN TEGSHOI  WISEAGH  9N0RO0INE 730063651 62519368 730.0696508
e om 33 2SS 1329596 U072 RSIES  F0IRTIN 2508 QOMODI S8 7625035 0N WINMSEE  SIOMISNS 730030277 66280767 THAR0TI
s oF1 T IMIRONS IMISM RURSWIS NN RS  1ENE  ONOD4 NP TR0 TRMTT  WINIMS  YOM1IB] T3 TERINNY 713518817
216 ow1 0 MBEDI3  2MATM  NMRTNZS  R2MERE]  0205G615 2308 O0M004  SEAE  TOSMdSd TMASTOT  WMBENI 004 72207348 70546308 a1
a serat 3 2620083 2382612 MGG 2SI 30206238 208 00M004  SEQE  T7LSNINE MMESOI  WTASE X0 720809001 aTMEINMEs 705
=5 Frra 4 2WEMITS 24T NIMOTIE 20448 NN021 28008 00MOOM S48 TIIOITT TRANGNL  WMEID 900652 123sissd amemmrs T
3 om a1 AN 2WUT RSN RAGEI RO 2H0E  D0M004 SO 7RSS TMATSMEL  BIATORE  SNHOSIS 737980 amnERn R
20 Fruis T BT NI MUBSSe  N2Sime  JONBENIE 250001 Q0002 SEOE  JTATIENS TI7ENSE  WNONN  S0NION T2ESE ManEma TRESATS
w3 DFMAL 1 2007008  20DSEISS  01M4%S1E  BRlE;M7  JOMEOT? 2300801 DOMOO SEOF  TATATEN TS0l ®23253 S0 IMN 7290E4% asrgetenr  ranoests
a2 DRMAZ 1 2eEsaErs MIGOIMI  22038p4 0MISTE2 250001 D000  SEAE 90336 SIS WATIMT  S90B.S0M9 03I RASSE2
o AT 1 aemmn WIGOMMT  EORSEA  0MISTHI 250001 DOGO0Z S0P MOS3NEN MSIETISE  WIITTIOM  WIOWE0M3 7284545 ORI TIBAsASE
et RALF 1 2essmn WIBOMMI  IONSEA  0MISPI 23001 DOMMGZ  SEE  S03INEN MBIEMSS  WMIIME  0ME0MS 72840488 S0RIEIE TERASASE
wne LSUVE 1 2essrs WIGEOMMI 2220364 MISIE2 280001 Q0002 SEAE  B033MGO1 SIS WAATIMTS  S0ME0MY 7284548 anaRemIs mdsism
meze 2 ; rsiees e . wawe AL wae e
engin e 21353373 lngh ¢ 24BERT T AL
@ - 0134260 W) e OTII 3001 er e ¢ 0XSGID B WAUE AW e v
wrror ftheesj = 0 708885¢+ gy = DI015 OEGD w e+ 04TSAE & WALUE WAL wae wALE 038
— - — - WAUEL wAWE evALE WALUEL wvALE:

CONCEPTUAL DESIGN REPORT e SECTION 2.2 e PAGE 20
Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
@ Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC



2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure
MC5 Lattice

"MAD" Version: 8.23/08 Run: 07/05/13 21.47.
SURVEY range: #5/4E

symm: F
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2.2 PERFORMANCE REQUIREMENTS
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Survey.
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2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure

1 "MAD" Version: 8.23/08 Run: 07/05/13 21.47.55
Survey. SURVEY line 2 _FULL_2 rang #5/4E
supe. 1

1 41. 30107. 225.145975 30426.292200 -0.000007 0.000000
1 41.674029 30107. 225.145975 30426.292200 -0.000007 0.000000 conceptual
1 41.730551 30107. 225.145974 30426.263961 -0.000007 0.000000 .
4 42.230551 30107. 225.145970 30426.014153 -0.000007 0.000000 Deslgn
1 42.456852 42.461181 30108.124335 225.145969 30425.898927 -0.000007 0.000000
2 42.687482 42.691811 324117 145967 30425.78370C -0.000007 0.000000
5 43.187482 43.191811 145963 30425.533893 =0.000007 0.000000 Report
1 43.893983 43.898312 -369246 .145958 30425.180914 =0.000007 0.000000
1 44.124613 44.128942 30109.569029 145957 30425.065688 =0.000007 0.000000
2 30109.768811 225.145955 30424.950461 2 -0.000007 0.000000
6 110.201935 45951 30424.700654 2 -0.000007 0.000000
1 30110. 066 45952 30424.761138 2 -0.000007 0.000000
1 3nllo. B49 45950 30424.645911 2 -0.000007 0.000000
2 45.195442 30110. 631 225.145949 30424.530685 2. -0.000007 0.000000
1 97 30110.89%2468 225.145945 30424. 2.093951 -0.000007 0.000000
7 30111.325591 225.145942 30424, 2.093951 -0.000007 0.000000
8 523 30111.758715 225.145938 30423, 2.093951 -0.000007 0.000000
1 46.297348 30111.451155 225.145941 30423, 2.093951 -0.000007 0.000000
1 53.615748 53.620077 30117.790699 45887 30420.32 2.093951 =0.000007 0.000000
1 53.615748 53.620077 30117.7920699 30420.323771 2, =0.000007 0.000000
end AM_2 i 53.615748 53.620077 30117. 898 30420.323771 2 -0.000007 0.000000
begin _2_FULL 1 53.615748 30117.790699 30420.323771 2. -0.000007 0.000000
begin G_ZHBEND 1 53.615748 30117.790699 30420.323771 2 -0.000007 0.,000000
begin HBEND 1 53.615748 30117 699 45887 30420.323771 2 -0.000007 0.000000
101 DM1 9 54.115748 30118.223823 225.145883 30420. 963 2. =-0.000007 0.000000
102 G_2 HBD1 1 55.639748 30119.474110 30419.202551 2. -0.000007 0.000001
102 DMl 10 56.139748 30119.858386 30418.882657 2. -0.000007 0.000001
104 HBQO1 1 5 30120.114601 30418.669367 2. -0.000007 0.000001
105 HBQO1 2 56. 30120.370817 30418.456078 2. =0.000007 0.000001
106 DMl 11 L 30120.755092 225.145860 30418.136184 2.2 =0.000007 0.000001
107 DHBE1 1 57. 30120.755092 225.145860 30418.136184 2 -Qoooo7 0.000001
108 HBQOZ2 1 57.639873 30121.011308 225.145857 41 22894 24 X 0.000001
109 HBQOZ 2 57.973248 7 2. 0.000001
110 DMl 12 58.473248 2. 0.000001
111 HBQO3 1 2. 0.000001
112 HBQO3 2 59.148187 30122.164230 2. . 0.000001
113 oMl 13 59.639998 59.646187 30122.548506 2. -0.000007 0.000001
114 6 2 HBD2 1 60.408419 30123.112762 30416.1 2,1 -0.000007 0.000002
end G_ZHBEND 1 60.408419 30123.112762 30416.1 2 -0.000007 0.000002
115 MIDH 1 60.408419 30123.112762 30416.1 23 =0.000007 0.000002
begin G_ZHBEND 2 60.408419 30123.112762 30416.1 2 =0.000007 0.000002
116 G_2_HBD2 2 61.170652 30122.831207 30415.572681 2 -0.000007 0.000002
117 DMl 14 5 & 30123.955415 30415.192038 -0.000007 0.000002
118 HBQO3 3 30124.171582 30414.938245 -0.000007 0.000002
119 HBQO3 4 30124.387748 30414.684452 -0.000007 0.000002
120 DM1 15 2.837402 30124.711957 30414.3038 -0.000007 0.000002
121 HBQOZ 3 -170777 30124.928123 30414.050016 -0.000007 0.000002
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2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure

1 "MAD" Version: 8.23/08 Run: 07/05/13 21.47.55
Survey. SURVEY range: #S5/4E
symm: F page 4
ELEMENT SEQUENCE I I ANGLES
pos. element occ. sum (L} arc I x v 2 I theta phi psi
Conceptual no. name ne. [m] [m) I [ra] [m] [m] I [rad] [rad] [rad]
. 122 HEQO2 4 63.497498 63.504152 30125.144289 225.145816 30413.796223 2.436088 -0.000007 0.000002
Deslgn 123 DHB1 2 63.497498 63.504152 30125.144289 225.145816 30413.796223 2.436088 -0.000007 0.000002
124 DM1 16 63.997498 64.004152 30125.468498 225.145812 30413.415881 2.438088 =0.000007 0.000002
F{EEF)()rt 125 HEQO1 3 64.330873 64.337527 30125.684665 225.145810 30413.161788 2.436088 -0.000007 0.000002
126 HEQO1 4 64.664248 64.670902 30125.900831 225.145808 30412.907994 2.436088 -0.000007 0.000002
127 DMl 17 65.164248 65.170902 30126.225040 225.145804 30412.527352 2.436088 =0.000007 0.000002
128 G_2_HBD1 2 66.688248 66.696762 30127.110500 225.145794 30411.28697% 2.607157 =0.000006 0.000004
129 DM1 18 87.188248 T 30127.365178 225.145791 30410.B56696 2.6071357 -0.000006 0.000004
end G_2HBEND 2 67.1808248 30127.365178 225.145791 30410.856696 2.607157 -0.000006 0. 000004
end G_ZHBEND 1 67.188248 30127.365178 225.145791 30410.856696 2.607157 -0.000006 0.000004
begin MATCH1 1 67.188248 67.196762 30127.365178 225.145791 30410.8566936 2.607157 -0.000006 0.000004
130 MATQO1 1 67.521623 67.530137 30127.534984 225.14578% 30410.569808 2.607157 -0.000006 0.000004
131 MATQO1 2 67.854998 67.863512 30127.704791 225.145787 30410.282920 2.607157 -0.000006 0.000004
132 DMAT1 1 69.905058 69.913572 30128.748000 225.145773 30408.518729 2.607157 -0.000006 0.000004
133 MATQOZ 1 70.238433 70.246947 30128.918806 225.145771 30408.231841 2.607157 =0.000006 0.000004
134 MATQO2 2 70.571808 70.580322 30129.088612 225.145769 30407.944953 2.607157 -0.000006 0.000004
135 DMAT2 1 75.044214 75.052728 30131.366656 225.145740 30404.096196 2.607157 =0.000006 0.000004
136 MATQO3 1 75.377589 75.386103 30131.536463 225.145738 30403.809308 2.607157 -0.000006 0.000004
137 MATQO3 2 75.710964 75.719478 30131.706269 225.145736 30403.522420 2.607157 -0.000006 0. 000004
138 DMAT3 1 77.352605 77.36111% 30132.542448 225.145726 30402.109695 2.607157 -0.000006 0.000004
139 MATQO4 1 77.685980 T7.694494 30132.712254 225.145723 30401.822807 2.607157 -0.000006 0.000004
140 MATQO4 2 78.019355 T8.027869 30132.882061 225.145721 30401.53591% 2.607157 -0.000006 0.000004
141 DMAT4 1 84.853947 84.862461 30136.363297 225.145678 30395.654368 2.607157 -0.000006 0.000004
142 MATQOS 1 85.187322 85.195836 30136.533103 225.145675 30395.367480 2.607157 =0.000006 0.000004
end  MATCH1 1 85.187322 30136.533103 225.145675 30395.367480 2.607157 =0.000006 0.000004
begin G_2_FODO 1 85.187322 30136.533103 225.145675 30395.367480 2.607157 -0.000006 0.000004
begin G_2_robo 1 85.187322 . 30136.533103 225.145675 30395.367480 2.607157 -0.000006 0.000004
143 FOQO1 1 85.520697 85.529211 30136.702910 225.145673 30395.0B0593 2.607157 -0.000006 0.000004
144 DF1 1 90.145461 90.153974 30139%9.058558 225.145644 30391.100723 2.607157 =0.000006 0.000004
145 FOQO2 1 90.478836 90.487349 30139.228364 225.145641 30390.813836 2.607157 -0.000006 0.000004
146 FOQO2 2 90.812211 90.820724 30139.398170 225.145639 30390.526948 2.607157 -0.000006 0.000004
147 DF1 2 95.436974 95.445487 30141.75381% 225.145610 30386.547079 2.607157 =0.000006 0.000004
148 FOQO1 2 95.770349 95.778862 30141.923625 225.145608 30386.260191 2.607157 =0.000006 0.000004
end G_2_FODO 1 95.770349 95.778862 30141.923625 225.145608 30386.260191 2.6071357 -0.000006 0.000004
begin G_2_FODO 2 95.770349 95.778862 30141.923625 225.145608 30386.260191 2.607157 -0.000006 0.000004
149 FOQO1 3 96.103724 96.112237 30142.093431 225.145605 30385.973303 2.607157 -0.000006 0.000004
150 DF1 3 100.728487 100.737001 30144.449079 225.145576 30381.993434 2.607157 -0.000006 0. 000004
151 FOQO02 3 101.061862 101.070376 30144.618886 225.145574 30381.706546 2.607157 -0.000006 0.000004
152 FOQO2 4 101.395237 101.403751 30144.788692 225.145571 30381.419658 2.607157 -0.000006 0.000004
153 DF1 4 106.020001 106.028514 30147.144340 225.145542 30377.43978% 2.607157 -0.000006 0.000004
154 FOQO1 4 106.353376 106.361B89 30147.314147 225.145540 30377.152901 2.607157 =0.000006 0.000004
end G_2 FODC 2  106.353376 106.361889 30147.314147 225.145540 30377.152901 2.607157 =0.000006 0.000004
begin G_2_FODO 2  106.353376¢ 106.361889 30147.314147 225.145540 30377.152801 2.607157 =-0.000006 0.000004
155 FOQO1 =} 106.6886751 106.685264 30147.483953 225.145538 30376.866013 2.607157 -0.000006 0.000004
156 DF1 5 111.311514 111.320027 30149.839601 225.145508 30372.886144 2.607157 -0.000006 0. 000004
157 FOQO02 5 111.644889 111.653402 30150.009407 225.145506 30372.599256 2.607157 -0.000006 0.000004
158 FOQO2 & 111.978264 111.986777 30150.179214 225.145504 30372.312368 2.607157 -0.000006 0.000004
1 "MAD™ Version: 8.23/08 Run: 07/05/13 21.47.55
Survey. SURVEY line: G_2_FULL 2 range: #S/4E
symm: F super: 1 page &
ELEMENT SEQUENCE I
pos. element occ. sum (L) are
no. no. [m] [m] I
159 DF1 € 116.603027  116.611541  30152.534862 225.145474 30368.332499 2.607157 -0.000006 0.000004
160 FOQO1 6 116.936402 116.944916 30152.704668 225.145472 30368.045611 2.607157 -0.00000& 0.000004
end G _2 FODO 3 116.936402  116.944916  30152.704668 225.145472 30368.045611 2.607157 -0.000006 0.000004
end G_2_FODO 1 116.936402 116.944916 30152.704668 225.145472 30368.045611 2.607157 -0.000006 0.000004
begin G_2_FF 1 116.936402 116.944916  30152.704668 225.145472 30368.045611 2.607157 -0.000006 0.000004
161 FFQO1 1 117.269777 117.278291 30152.874475 225.145470 30367.758723 2.607157 =0.00000& 0.000004
162 DFF1 1 121.263792  121.272306  30154.908848 225.145444 30364.321648 2.607157 =0.000006 0.000004
163 FFQ02 1 121.597167  121.605681  30155.078654 225.145442 30364.034760 2.607157 =0.000006 0.000004
164 FFQO2 2 121.930542 121.939056 30155.248460 225.145440 30363.747872 2.607157 -0.00000& 0.000004
165 DFF2 1 122.436108  122.444622  30155.505973 225.145437 30363.312804 2.607157 -0.000006 0.000004
166 FFQO3 1, 122.769483  122.777997  30155.675780 225.145434 30363.025916 2.607157 -0.000006 0.000004
167 FFQO3 2 123.102858 123.111372 30155.845586 225.145432 30362.739028 2.607157 -0.000006 0.000004
168 DFF3 1 125.733521  125.742035  30157.185528 225.145415 30360.475195 2.607157 -0.000006 0.000004
169 FFQO4 1 126.066896 126.075410 30157.355335 225.145412 30360.188307 2.607157 -0.00000¢& 0.000004
170 FFQO4 2 126.400271  126.408785  30157.525141 225.145411 30359.901419 2.607157 -0.000006 0.000004
171 DFF4 1 128.399248 128.407762 30158.543331 225.145398 30358.181187 2.607157 -0.000006 0.000004
172 FFQO5 1 128.732623  128.741137  30158.713137 225.145396 30357.894299 2.607157 -0.000006 0.000004
173 FFQOS 2 129.065998 129.074512 30158.882944 225.145394 30357.607411 2.607157 =-0.000006 0.000004
174 DIRON 1 130.815998  130.B24512  30159.7743135 225.145383 30356.101437 2.607157 -0.000006 0.000004
175 INFLECTZ 1 131.665998 131.674512 301e0.207268 225.145377 30355.369965 2.607157 -0.00000& 0.000004
176 MINF 1 131.665998  131.674512  30160.207268 225.145377 30355.369965 2.607157 -0.000006 0.000004
177 INFLECT2 2 132.515998 132.524512 30160.640220 225.145372 30354.63B492 2.607157 =0.0000086 0.000004
end 1 132.515998  132.524512  30160.640220 225.145372 30354.638492 2.607157 -0.000006 0.000004
end 1 132.515998 132.524512 30160.640220 225.145372 30354.638492 2.607157 -0.000006 0.000004
end 1 132.515996  132.524512  30160.640220 225.145372 30354.638492 2.607157 -0.000006 0.000004
total length = 132.515998 arc length 132,524512
arror (x) = 0.891271E+02 error(y) 0.303553E+01 arroriz) = -0.923762E+02
error(theta) = 0.513206E+00 error (phi) -0.533544E-01 error(psi} - 0.361356E-05
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2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure
2.2.2 SITE AND UTILITIES

Open cut excavation techniques are anticipated for the construction of the enclosure.
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.

Conceptual
Design

Report

The storm water culvert installed under the MC-1 Building subcontract will be support
during excavation. The Mu2e project will relocate the ICW and DWS piping prior to
the beamline excavation. The electrical duct bank from the Giese Road substation
will be cut and replaced by the Mu2e Project. The existing 13.8 kv feeder loop
encircling the Delivery Ring will be interrupted by the beamline excavation. The
feeder will be pulled out, a portion of the duct bank removed, and abandoned. A new
routing to maintain the looped feeder will be installed by the Mu2e project. A number
of utilities for the Mu2e building will be extended from MC-1 Building. These utilities
will be extended under the berm after the enclosure is complete under the Mu2e
subcontract.

2.2.3 ELECTRICAL SYSTEMS

Beamline power supplies will be located in the AP-30 building, the MC1 building and
the Mu2e Detector Hall and Service Building. Penetrations between the enclosure
and the MC1 building will be installed in this project. Penetrations between the
Delivery Ring and the AP-10 Service Building are existing. The power supply
penetrations at the Mu2e Detector Hall and Service building will be constructed with
that project. The twenty 6” schedule 80 PVC ducts between the enclosure and the
power supply room in MC1 are part of this project.

A 500 MCM copper ground will be installed along the wall approximately two feet
above the base slab adjacent to the magnet. Ground rods will be connected to this
cable every sixty feet. Convenience outlets, 120/208VAC, will be provided every sixty
feet along the wall on the side of the beamline. Welding outlets, 60 amp / 480V, will
be provided at 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 be on UPS circuits to provide emergency
lighting during power failures.

2.2.4 FIRE PROTECTION SYSTEMS

The beamline 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. The
slope up to the MC-1 Building is less than 1 vertical in 12 horizontal which is allowable
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2.2 PERFORMANCE REQUIREMENTS MC Beamline Enclosure

for egress travel to an 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 will lead to an exit discharge without requiring travel

Conceptual
P through a building.

Design
Report

Sprinklers are not required in the enclosures or vertical exit passageways, based on
the Main Injector Life Safety Fire Protection Analysis. Manual pull stations and alarm
notifications will be provided in the enclosures. The enclosure will have line type heat
detectors running the length of the enclosure. In addition, fire extinguishers will be
provided in accordance with FESHM Chapter series 6000. The line type heat
detection will be connected to the fire panel in the MC-1 Building.

2.2.5 MECHANICAL SYSTEMS

The enclosure will be used as exhaust path of the once-thru HVAC system from the
target/PS area (airflow is limited by decay time =~900cfm). No tunnel Cooling
(assume temperature during running to be the average temperature of the LCW) or
roughly 95F. No humidity control, but will see the dry air supply from the Target/PS
unit. Occupancy ventilation per Ashrae 62.1 will use Target/PS unit for occupancy
ventilation. No ODH ventilation requirement. Require tight seal on equipment
hatches, doors & penetrations. Requires air barrier to the existing Delivery Ring,
Mu2e building and MC-1 building.
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2.3 REQUIREMENTS AND ASSESSMENTS MC Beamline Enclosure

2.3.1 SAFEGUARDS AND SECURITY
Direction for security issues related to the design of this project is taken from the
current operating procedures of the Fermilab activities.

Conceptual

Design
Report

Access to site areas outside any beam line excavation limits will be allowed during
normal business working hours. Access to any radiological areas, areas within 50
feet of existing beam lines, are controlled by the Accelerator Division Radiation
Safety and will require coordination of work efforts and beam line operations.

2.3.2 ENERGY CONSERVATION

In accordance with Section 0110-12 "Energy Conservation" of DOE Order 6430.1A -
General Design Requirements, all elements of this project will be reviewed for energy
conservation features that can be effectively incorporated into the design. Energy
conservation techniques and high efficiency equipment will be utilized wherever
appropriate to minimize the total energy consumption.

2.3.3 HEALTH AND SAFETY
All aspects of the project will be evaluated to ensure that the adequate health and
safety precautions are incorporated in the design and construction of this project.

2.3.4 ENVIRONMENTAL PROTECTION

The overall environmental impact of this project as been evaluated and reviewed as
required and the project conforms to all applicable portions of the National
Environmental Policy Act (NEPA). A CX was approved by FSO on 6/12/12 and found
at the following link and is included in Appendix B.

https://esh-docdb.fnal.gov:440/cgi-
bin/RetrieveFile?docid=2112;filename=1%20Muon%20Campus%20NEPA-
CX%20Approval%20June%20CY2012.pdf;version=1.

2.3.5 DECONTAMINATION AND DECOMMISSIONING

Decontamination and decommissioning procedures are an important part of Fermilab
environment, safety and health policies. These policies are described in Chapter
8070 of the Fermilab Environment, Safety and Health Manual. Appropriate
decontamination and decommissioning procedures will be instituted for this project.

2.3.6 TELECOMMUNICATIONS
Phone service will be extended from the Delivery Ring through the enclosure to both
the MC-1 Building and the Mu2e Building.
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2.3 REQUIREMENTS AND ASSESSMENTS MC Beamline Enclosure

2.3.7 COMPUTER EQUIPMENT
No computer equipment will be installed as part of this project.

Conceptual

2.3.8 HANDICAPPED PROVISIONS

Design
The enclosure will not be accessible to handicapped personnel.

Report

2.3.9 EMERGENCY SHELTER PROVISIONS
Site specific emergency shelter provisions will be incorporated into this project.

2.3.10 SPACE MANAGEMENT REQUIREMENTS
In 2009, a space offset request was approved by DOE HQ for this facility.
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2.4 QUALITY LEVELS MC Beamline Enclosure

The design of this project will be in accordance with recognized engineering practices
and design standards and will comply with the applicable portions of the U.S.
Department of Energy and the State of lllinois codes, orders and regulations as
incorporated into contract No. DE-AC02-07CH11359 between the U.S. Department of
Energy and Fermi Research Alliance, LLC. A URL link to the contract is included in
Appendix B of this document.

Conceptual

Design
Report

Fermilab has adopted the Necessary and Sufficient Process (NSP) for determining the
Work Smart Set (WSS) of Standards which are used to determine the appropriate
environment, safety and health standards used to ensure the safe and
environmentally responsible operations of the Laboratory. The Work Smart Set in
effect for this project is included in Appendix B of this Project Plan. Where no
edition or “latest edition” is noted on the Work Smart Set, it is assumed that the
edition in effect at the time of the acceptance of this Project Plan will be used.
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2.5 COST ESTIMATE MC Beamline Enclosure

The Baseline Project Costs contained in Section 3.2.2 assumes that the improvements
will be done as part of the General Plant Project (GPP) program and includes the
costs associated with Engineering, Design, Inspection and Administration (EDIA),
Contingency and Indirect Costs.

Conceptual

Design
Report

The estimated construction costs are based on cost data taken from Means Cost
Estimating Guides, historical data and recent construction history at Fermilab. While
the suggested project budget can provide input for the feasibility of the project,
further design refinement will affect the final cost of the project.

Engineering Design and Inspection (ED&lI) activities are included in the suggested
project budgets. ED&I activities include the engineering and design activities in
Preliminary and Final Design, the inspection activities associated with Construction
Phase Support. The descriptions are based on DOE Directive G413.3-21, Chapter 6.
Past historical data and DOE Directive G413.3-21, Section 5.4.3 indicates that 15%-
25% of the construction cost is an appropriate range. Non-traditional, first of a kind
projects may be higher, while simple construction such as buildings will be lower than
this range (on the order of 6%); the more safety and regulatory intervention is
involved, the higher the percentage.

Administration activities include those defined by DOE Directive G413.3-21, Section
5.4.3 as Project Management (PM) and Construction Management (CM). Project
management costs range from 5%-15% of the other estimated project costs for most
DOE projects, depending on the nature of the project and the scope of what is
covered under project management.

DOE Directive G413.3-21, Section 6.4.5 was used as guidance in estimating the
appropriate Contingency for this project.

Indirect costs are costs incurred by an organization for common or joint objectives
and which cannot be identified specifically with a particular activity or project. The
multipliers used in this document are based on current Fermilab rates.

The costs contained in the estimates listed above are based on FY2015 dollars.
Adjustment to the escalation will need to be applied should this assumption change.

DOE Guide 413.3-21, Cost Estimating Guide classifies cost estimates into one (1) of
five (5) categories. These classifications are listed below in Figure 2:
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2.5 COST ESTIMATE MC Beamline Enclosure

Primary Characteristics

Cost Estimate Level of Definition
Classification (% of Complete Cost Estimating Description (Techniques)
Definition) Conceptual
Class 5, 0% to 2% Stochastic, most parametric, judgment (parametric, .
Concept Screening 9 et specific analogy, expert opinion, trend analysis) Design
Class 4, .Sifl.{d}’ or 1% 10 15% Various, moreT parametric (parametric, spemﬁc Report
Feasibility analogy, expert opinion, trend analysis)

Class 3, Preliminary, 10% to 40% Various, including combinations (detailed, unit-

Budget Authorization cost, or activity-based; parametric; specific
analogy; expert opinion; trend analysis)

Various, more definitive (detailed, unit-cost, or

Class 2, Control or 20% to 70%

Bid/Tender activity-based; expert opinion; learning curve)
Class 1, Check Estimate , Deterministic, most definitive (detailed, unit-cost,
i 50% to 100% . e 4
or Bid/Tender or activity-based; expert opinion; learning curve)

Figure 2 - Cost Estimate Classifications

These classifications are based on the Association for the Advanced of Cost
Engineering (AACE) Recommended Practice No. 18R-97. These classifications help
ensure that the quality of the cost estimate is appropriately considered when
applying escalation and contingency.

The level of detail and accuracy of the budget becomes more definitive as the
project’s scope is refined. In a project’s earliest phases, the Initiation, or Pre-
Conceptual Phase (before Critical Decision [CD] -0, an Order-of-Magnitude (or
Parametric) Estimate is usually required. When a capital asset acquisition project
has completed the Conceptual Design Phase, a Preliminary Budget Range is
required to establish the Budget Baseline at CD-1. Budget refinements shall be
based on a Definitive Estimate for every element in the WBS and is required for CD-
2.

The classification for the cost estimates contained in this project definition report is
considered a Class 3 (Preliminary) based on the preliminary nature and level of
definition of the programmatic requirements.
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2.5 COST ESTIMATE MC Beamline Enclosure
FERMILAB FESS COST ESTIMATE
MC Beamline Project No. Status: Date: Rev Date
6-10-22 PP $41,383
Conceptual ITEN NO. DESCRIPTION OF WORK: QUANTITY| UNITS | UNIT COST AMOUNT
De Si gn Final Design $495,000
Management & Administration $125,000
Report |LOE Praject Management 1 lot $125,000 $125,000
Engineering, Design & Inspection $370,000
1.2.100 FESS/Eng In House Design 1 lot $100,000 $140,000
1.2.510 C&C Review 1 lot $2,000 $2,000
1.2.610 Final Contract Documents Complete 1 lot $10,000 $10,000
Geotechnical Borings and Report 1 lot $9,000 $9,000
1.2.400 Consultants 1 lot $209,000 $208,000
Construction Phase $683,000
Management & Administration $130,000
2.3.100 |Project Management LOE 1 lot $130,000 $130,000
Engineering Design & Inspection $553,000
1.3.100 Construction Coordinator LOE i lot $355,000 $310,000
1.3.200 Eng. Support LOE 1 lot $68,000 $68,000
1.3.410 Review Shop Drawing 1 lot $20,000 $20,000
1.3.510 Respond to RFls 1 lot $20,000 $20,000]
1.3.500 Consultants 1 lot $90,000 $90,000
Total Fixed Price Construction Estimated Award $6,128,000
Escalation at 4% $250,000
Subtotal 55,878,000
QOverhead and prefit $980,000
Subcontract Base Estimate 54,898,000
Construction $4,897,773)
Div 01 Genera $0.00
3.1.010 Release FY 14 GPP Construction Funds $3,700,000 Funding issued
3.1.100 NTP
3.1.150 Partial Benificial Occupancy DR to G-2
3.1.200 Issue Beneficial Occupancy Beam Enclosure
3.1.300 Complete Punch List For Beam Enclosure
3.1.020 Release FY 15 GPP Construction Funds $5,100,000 Funding Issued
Div 02 Site Construction $1,930,511.60
3.1.2.011010 Install Soil and Erosion Control 1600 LF S8 $12,800.00
3.1.2.011020 Clear and Grub 2|  Acre 5500 $950.00
3.1.2.011030 Sawcut Wall at DR 36 LF $50 $1,800.00
3.1.2.011040 Remove Concrete wall at DR 4 CY $200 $720.00
Excavation and Backfill
3.1.2.1.011010 |Excavate Topsoil 1632 €Y $6 $9,792.67
3.1.2.1.011020 |Haul and Stockpile Topsoil 2285 CY $7 $15,994.69
3.1.2.1.011030 |Excavate for Enclosure DR to Y/MC 1 5924 cY 515 $88,860.00
3.1.2.1.011040 |Excavate for Stairs 819 cy 515 $12,277.78
3.1.2.1.011050 |Haul Soils up to Y 9440 cy $7 $66,076.68
3.1.2.1.011100 |Excavate for Enclosure Y to Sta +7 near MuZe 35132 Y 515 $526,985.56
Hall soils y to MU2e 49185 cy 37 $344,297.23
3.1.2.1.011060 |Place Stone Backfill Around Enclosure 946 cy 532 $30,272.00
3.1.2.1.011175 |Backfil Enclosure Build Berm Y to MuZ2e 7998 Y $25 $189,950.00
3.1.2.1.011070 |Backfill Excavation and Build Berm DR to MC 1 5580 cY $25 $139,500.00
3.1.2.1.011080 |Install 8' Topsocil Haul and Spread 731 CF 513 $9,503.00
3.1.2.1.011090 |Seeding and Landscaping 2]  Acre $23,280 544,232.00
3.1.2.2.100
3.1.2.2.110 Install DWS, ICW 200 LF $60 $12,000.00|
Support Storm Sewer over excavation 1 Lot $30,000 $30,000.00)
3.1.2.2.120 Install Comm/Power Duct Bank for Mu2e Through Berm 300 LF $450 $135,000.00
Install Powewr Duct Bank at AP-20 300 LF $450 $135,000.00
3.1.2.2.130 Continue San S and Storm S 200 LF $80 $16,000.00
Rework ICW into enclosure 1 lot $25,000 $25,000.00
Remove and Replace LCW S&R @ AP20 200 LF $80 $16,000.00]
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2.5 COST ESTIMATE MC Beamline Enclosure

FERMILAB FESS COST ESTIMATE C I
| [Rework CWS&R around enclosure | | 1 Lot | $45,000] $45,000.00) Onceptua
Misc Valves and flanges 5 Ea $2,500 $12,500.00 H
Div 03 Concrete $2,100,689.96 DeSIgn
3.1.3.011010 Mud slab DR to MC1 45 CY $250 $11,152.50 Repo rt
3.1.3.011020 FBP Base slab DR to MC1 275 S $750 $205,937.50]
3.1.3.011070 Mud Slab to Mu2e 57 [ 5250 $14,227.78
3.1.3.011080 ‘Temp Barrier / Flood protection Install and remove 5 cY $1,200 $5,400.00
3.1.3.011050 Base Slab to Mu2e 303 CY 5750 $227,075.33]
3.1.3.011030 FBP Walls DR to MC1 214 CY $850) $182,199.07|
3.1.3.011090 FBP Walls to Mu2e 775 CY 5850 5658,844.44]
3.1.3.011040 FBP Top Slab DR to MC1 199 [ 5900 $179,073.33]
3.1.3.011060 Construct Stair Enclosures At DR 1 EA $175,000 $175,000.00,
3.1.3.011120 Install Abort Concrete 1 Y $1,200 $1,200.00|
3.1.3.011130 Install Abort Core 1 Lot $10,700 $10,700.00
3.1.3.011100 FBP Top Slab to MuZe 228 CY $900 $204,880.00)|
3.1.3.011110 Construct Stairs/Hatch at Sta 7. near Mu2e Lot $225,000 $225,000.00]
Div 04 Masonry
Div 05 Metals $51,000.00
3.1.5.011010 Install Misc. Metals Lot $15,000 $15,000.00
3.1.5.011030 Hatch Cover 3] tons $5,000 $14,500.00
3.1.5.011040 Install Metal Pipes for Fans Tons $5,000 $21,500.00

Div 06 Wood & Plastics
Div 07 Thermo & Moisture Protection
Damp Proof Beam Enclosure Y to Mu2e
Damp Proof Beam Line Enclosure DR to Y
Div 08 Doors & Windows
3.1.6.011010 Install Doors and Hardware Interior
3.1.6.011020 Install Door and Hardware Exterior
Div 09 Finishes $56,038
3.1.9.011020 Paint Beam Enclosure Y to MuZe
3.1.9.011010 Paint Beam Line Enclosure DR to Y
Div 10 Specialties $52,000
[ 31.10.010  Jinstall Power Supply DuctsatMc-1 | 1~ 0] Ea | 52600 $5200000)
Div 14 Cranes & Elevators $74,750
3.1.14.011010 |Install Monorail Hoist 1
14.011020 |Install Magnet Lift 59,750 59,750.00]
Div 15 Mechanical $51,868
HVAC

3.1.15.020 Install Fans 513,988 $13,988.00
3.1.15.060 Install Dehumidifiers 0 LOT $30,000 $0.00]
3.1.15.030 Install Controls 1 LOT 525,000 $25,000.00
Drainage
3.1.15.1010 Install Under drain 1610 LF 58 $12,880.00]
3.1.15.1020 Install Sumps 0 EA 528,000 50.00
3.1.15.1030 Install Sump Above Ground Piping 0 LOT 516,963 $0.00|
3.1.15.1040 Install Sump Controls 0 LOT $10,000 $0.00
3.1.15.1050 Start Up Sump o] LoT 5800 $0.00]

Fire Protection

Div 16 Electrical $372,187.50
Primary Power
Remove 13.8 feeder AP-30 to MC-1-1 600 LF S2 $1,200.00
Install New Manhole near AP-20 0] Lot 515,000 50.00
Install 13.8 Feeder AP-10 to MC-1-1 0 LF S3 $0.00
Install new Manhole for Giese Road Relocate 0 lot 515,000 $0.00|
Install new cable for Giese Road Relocate 0 LF 535 $0.00
Splices 0 EA 5800 50.00
Remove and replace feeder at AP-20 0 LF 516 $0.00
Cable Tray
3.1.16.20 Install 4- 18" Tray Y to MuZe 275 LF $74 $20,350.00
3.1.16.10 Install 4 -1B8" tray DR to Y/MC-1 $64,380.00

Electrical Distribution

3.1.16.1140 Install Ground Grid Wire 1145 LF $18 $20,037.50
3.1.16..5260 [Install ELP - 480Y/277 VAC DRto Y 1] Ea. $8,125 $8,125.00
3.1.1614060 [Install 45 kVA, 480 - 208Y/277 VAC 0 LF $413 $0.00
3.1.16.1150 Install Ground Rods 19] Ea. $680 $13,110.00
3.1.16.6150 Connect Other mechanical Equipment 2] Ea. $5,750 $11,500.00
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Conceptual FERMILAB FESS COST ESTIMATE
. 3.1.16.5270 Install LP - 480Y/277 VAC DR 10 Y 1 Ea. $8,125) $8,125.00
Design Install PP 120/208 10 Y 1 Ea. 38,125 $8,125.00
Report 3.1.16.5230 Install PP 120/208 From Y 1 Ea. $8,125) $8,125.00
3.1.16.5280 Install LP - 480Y/277 VAC Y to Mu2e 1 Ea. $8,125) $8,125.00
3.1.16.5250 Install 120/208 VAC Receptacles 20 Ea. $239 $4,780.00
3.1.16.5240 Install Welding Reciprocals 4 Ea. $9,281 $37,125.00
3.1.16.6120 Install Starters 2] Ea. $400 $800.00
3.1.16.6130 Install Disconnect Switches 4 Ea. $955 $3,820.00
3.1.16.6140 Install Unit Heaters 4 Ea. $870 $3,480.00
Lighting

3.1.16.1010 Install Incandescent 12951 SF $10 $129,510.00
3.1.16.1020 Install Emergency Lighting (UPS) 10 EA 31,160 $11,600.00
UPS 1 EA $3,000 $3,000.00

Fire Detection
3.1.16.11020 [Install and test FP Fire Detection DR to Y 475 LF $6 $2,850.00
| 3.1.16..1010  [Install and Test Fire Detection Y to MuZe | | 670 LF | $6/| $4,020.00]

Figure 3 — Summary of Engineer’s Estimate
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The following resource requirements have been identified for this project.

3.1.1 FUNDING
This project is a General Plant Project (GPP) with a Total Estimated Cost (TEC) of
S9.7M.

3.1.2 HUMAN RESOURCES

) Divisions/Sections/Research Centers (D/S/C) will be responsible for assigning the

Execution responsibilities of individuals within the design and construction organization as
Plan indicated in Figure 1 of the Project Charter.

Project

Design reviews will occur at varying levels throughout Final Design. All
Divisions/Sections/Research Centers are aware of the design review process and will
assign appropriate personnel to complete the reviews for conformance and
compliance with D/S/C requirements.

Divisions/Sections/Research Centers will provide required personnel to coordinate
construction phase activities that directly affect their operations. For example, the
Facilities Engineering Services Section (FESS) will provide personnel to coordinate
related activities with the Fermilab Construction Coordinator.

FESS/Engineering will provide licensed professional architects, professional engineers
and structural engineers for the design and coordination of the project. Project
management will be by certified project manager professionals. Where required,
FESS/Engineering will retain the professional services of consulting architects and/or
engineers for final design and construction oversight.

If appropriate, the development of construction documents and bid packages may
be accomplished by use of an Architectural-Engineering (A/E) firm in conjunction
with the Integrated Project Team during Final Design. The selection of the A/E firm
will be based on qualifications and past performance on similar FESS/Engineering
projects. Existing professional services contract will be used to accomplish this
work.

The A/E may be retained during construction phase activities for engineering
support of the following:

e Bid Period Information Requests;

e Amendment/Addendum Development;

e Shop Drawing/Submittal Review;
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e Assistance in estimating and negotiating changes to the subcontracted
work;

e Responding to subcontractor request for information including developing
sketches/revisions to the subcontract documents

e Periodic site visits;

e Punchlist development.

The FESS/Engineering department will provide the construction management for the Project
project, coordinating the subcontractor’s construction subcontract. Field inspection, Execution
environment, safety and health, and quality control of construction activity will be Plan

the responsibility of the subcontractor. FESS/Engineering will provide quality and
safety assurance during construction phase activities.
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The Project Baseline identifies the basis for evaluating project performance. The
components are the Work Breakdown Structure, which identifies each component of
the project, the Baseline Costs, Escalation Rates, and Baseline Schedule and
Milestones.

3.2.1  WORK BREAKDOWN STRUCTURE (WBS) DICTIONARY
Listed below is the breakdown of the WBS for this project. Further breakdown of the
Project above listed structure may be applied as required for accounting purposes. Items
Yl covered under Other Project Costs are noted as such.

Plan

Level 1 — MC Beamline Enclosure

1.0 Engineering, Design and Inspection (ED&lI)

ED&I activities include the engineering and design activities in Preliminary
Design and Final Design, the inspection activities associated with
Construction Management. The descriptions are based on DOE Directive
G413.3-21, Chapter 6. In addition, DOE Directive G413.3-21, Section 5.4.3
was used as guidance in estimating the ED&I cost for this project. This DOE
Directive can be found at the DOE website. Appendix B of this document
contains the URL link to this chapter.

Listed below is a further breakdown of this WBS

1.1 This WBS item will be used for Preliminary Design ED&I

1.2 This WBS item will be used for Final Design ED&l

1.3 This WBS item will be used for Construction Management ED&l

2.0 Administration
Administration activities include those defined by DOE Directive G413.3-21,
Section 5.4.3 as Project Management (PM) and Construction Management
(CM). This DOE Directive can be found at the DOE website. Appendix B of
this document contains the URL link to this chapter.

Listed below is a further breakdown of this WBS

2.1 This WBS item will be used for Preliminary Design Administration

2.2 This WBS item will be used for Final Design Administration

2.3 This WBS item will be used for Construction Management
Administration

3.0 Construction
3.1 Thisis fixed-price construction portion of the project;
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3.2 Thisis Time and Materials construction orders for this project;
3.3 This WBS item will be used for advanced procured materials.

For accounting purposes, the management reserve of the above listed WBS items will
be included in the WBS costs. DOE Directive G413.3-21, Section 6.4 was used as
guidance in estimating the appropriate management reserve for this project. This
DOE Directive can be found at the DOE website. Appendix B of this document
contains the URL link to this chapter.

For accounting purposes, the indirect costs of the above listed WBS items will be
included in the WBS items. The multipliers used in this document are based on
current Fermilab rates. Appendix B of this document contains the URL link to the
Fermilab Indirect Cost rates. While Indirect Costs have been estimated and included
in the Total Project Cost, the Finance Section will confirm that the allocated funds are
adequate. The Indirect Costs are not considered as part of the managed baseline.

3.2.2 BASELINE PROJECT COSTS
Listed below are the baseline project costs for this project.

Management Indirect

Project

Execution
MET}

Base Cost Reserve Costs Subtotal
1.1 Title 1 ED&I SO
1.2 Title 2 ED&I $495,000 $124,000 $127,000 $746,000
1.3 Title 3 ED&I $553,000 $139,000 $360,200 $1,138,400
2.1 Title 1 Administration SO
2.2 Title 2 Administration $125,000 $29,000 $85,000 $236,800
2.3 Title 3 Administration $130,000 $33,000 $85,000 $236,800
3.1 Fixed Price Construction $6,128,000 $1,318,000 $115,000 $7,561,000
3.2 Tim and Materials Const. SO SO SO SO
3.3 Pre-procurement SO SO SO SO

3.2.3 SCOPE CONTINGENCY

In order to provide a well-balanced, manageable project, several items of scope
contingency have been identified. These items will be identified on the final
construction documents as “alternate deducts” during the competitive procurement
activities. During the source evaluation process, the project team will review the
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alternate deducts and determine which ones should be excluded from the scope of
work, if necessary.

3.2.4 ESCALATION
The baseline project and associated cost estimate assumes that the midpoint of
construction will be the 4th quarter of fiscal year 2015 (FY15). DOE Directive G413.3-
21, Section 6.4.4 was used as guidance in estimating the appropriate escalation for
Project this project. This DOE Directive can be found at the DOE website. Appendix B of this
Y] document contains the URL link to this chapter.

Plan

3.2.5 BASELINE PROJECT SCHEDULE AND MILESTONES
The baseline schedule listed below sets forth the major activities and milestones
essential for the completion of the project. The milestones are defined as:

MILESTONE DEFINITION BASELINE
Project Start Project Request signed Month 1
Engineering Start Engineering work for the project | Month 3

starts when a task is entered into the
Task Database

Construction Start Notice To Proceed/Purchase Order | Month 21
Issued

Construction Complete Final acceptance of all work Month 42

Engineering Complete Completion of Close-out Documents Month 46

Project Complete Project Closed Month 50

3.2.6 FUNDING PROFILE
Listed below are the anticipated total costs by fiscal year for this project as contained
in the Fermilab Project Request Form.

FY13 FY14 FY15 TOTAL
Construction SO $2,150,000 $3,878,000 $6,128,000
EDIA $282,000 $500,000 $521,000 $1,303,000
Management Reserve SO $822,000 $822,000 $1,644,000
Subtotal $282,000 $2,872,000 $5,865,300 $9,075,000
Indirect Costs $118,000 $228,000 $334,700 $625,000
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The Project Management, Construction Management, design, construction and
inspection for this project will be performed in compliance with the applicable DOE
Orders and Fermilab Policy and Procedures and in accordance with the Work
Breakdown Structure.

3.3.1 DESIGN

If appropriate, the development of construction documents and bid packages may be Project
accomplished by use of an Architectural-Engineering (A/E) firm in conjunction with
the FESS/Engineering Project Team during Final Design. The selection of the A/E firm
will be based on qualifications and past performance on similar FESS/Engineering
projects. Existing professional services contract will be used to accomplish this work.

Execution
MET}

Architectural and Engineering (A/E) services procurement will conform to the
Business Services Section (BSS) A/E selection procedures. Consulting firms will be
selected based on the firms strengths of subject area expertise required for the
project. Consultants will normally be selected from the firms that have been
prequalified and that are under a master contract. Where specific individuals or area
of expertise are required for the success of the project and this expertise is not
available with the pre-selected firms then sole source justification will be written.
A/E’s will conform to the current version of the FESS Engineering A&E Handbook in
force at the start of the project.

3.3.2 CONSTRUCTION

The majority of the construction work for this project will be accomplished by means
of one or more construction packages. The Conventional Construction packages will
be a competitively bid, lump sum contract. A Time and Materials (T&M) task may be
used for preparatory work that is specialized and difficult to include in the
competitive procurement process.

3.3.2.1 Possible Sources for the Conventional Construction Subcontractors
Fermilab has access to several Subcontractors that have sufficient qualifications to
execute this Subcontract. Subcontractors are selected in response to a Request
for Proposal and must meet specific safety and quality requirements. When
applicable, there will be a close-out meeting to formally assess the performance of
subcontractors in accordance with FESHM Chapter 7010.

3.3.2.2 Performance Based Incentive Process
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The subcontractor will be paid only for work completed. In addition, retention
may be reduced from 10% to as little as 2% during the subcontract if the
subcontractor maintains a safe environment and meets subcontract milestones.

3.3.23 Methods of Completion
The Request for Proposal (RFP) process will be used to solicit proposals from area
Subcontractors with the appropriate safety records and experience to accomplish

Project this work.

Execution
Plan

3.3.24 Source Selection Process

A Source Evaluation Team (SET) will be established which will include the Fermi
Project Director, Fermi Project Manager, Fermi Project Coordinator, and Fermi
Procurement Officer to evaluate and select a Subcontractor for the Conventional
Construction Package. Evaluation criteria will be included in the Request For
Proposal (RFP) documents as a basis for the SET evaluation of proposals.

3.3.2.5  Justification for Non-competitive Acquisitions

Anticipated non-competitive acquisitions may include Time and Material (T&M)
tasks and advanced-procured items requiring longer than tolerated fabrication or
delivery time. These items will be identified during the Final Design phase.

3.3.2.6  Milestones for Acquisition
Construction milestones will be established for inclusion into the subcontract
documents.
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3.4.1 COST CONTROL

A separate cost account will be maintained for the following elements listed in the
project Work Breakdown Schedule (WBS): Engineering Design and Inspection (ED&l),
Administration, and Construction. The baseline budget for each element will be
shown on all reports. Costs charged to these accounts will be reported monthly on a
report available on the Business Services Section (BSS) website. The Fermilab Project
Manager will review the report as needed in order to verify the validity of all cost
charges during the reporting period, that commitments are correct, and that Project
projections of costs can be covered by the baseline budget for each work element. Execution

Plan

The Fermilab Project Manager has the responsibility for the use and commitment of
project funds. Any costs or commitments that are made without his signed approval
or that of higher Laboratory management may be rejected. Progress payments to the
Architect/Engineer, suppliers, and subcontractors will be made upon receipt and
approval of acceptable invoices, nominally on a monthly basis.

The Fermilab Project Manager, within authorized limits, will be responsible for the
administration of the project’s management reserve funds.

The Funding Profile, depicted in Section 3.2.6, is based on the current DOE funding
profile. This plan reflects the best estimate of funding levels and the baseline
schedule. The Funding Profile establishes the planned rate of accrued costs for the
life of the project. The Fermilab Project Manager is responsible for updating, as
needed, the project Estimate at Completion (EAC) for each work element to reflect
changes in design and construction, and for overall project fiscal management.

3.4.2 SCHEDULE CONTROL

The Baseline Schedule, shown in Section 3.2.5 of this project plan, depicts the
milestones and their expected achievement dates. As the project develops, the
schedule may be further refined. The Fermilab Project Manager shall have the
responsibility to monitor and control these tasks within the baseline. The baseline
may be revised with DOE Fermi Site Office concurrence.

The Integrated Project Team will review work progress with the subcontractor at
regular intervals. Any identified difficulties will require the subcontractor to provide
a plan for their resolution. Significant schedule slippage will be cause for expediting
actions by BSS at the request of the Fermilab Project Manager.
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3.4.3 CHANGE CONTROL PROCEDURES AND AUTHORITIES
Changes to the project’s internal baseline can occur to the scope, cost, or schedule
aspects of the project. Changes at WBS Level 1 and below will be made with the
approval of the Fermilab Project Manager for cost changes up to $75,000 and
schedule changes up to 3 months. Cost and schedule changes above these amounts
and changes to the scope of the project as outlined in the CDR will require the
approvals of the Change Control Board. Any change to the Total Project Cost will
Project require the approval of the Change Control Board and DOE Fermi Area Office. Project
change control will be accomplished in accordance with practices listed below.

Change Request

Execution
Plan

Change Approval Required Form
Normal Field Changes . .
no added cost or time Fermilab Project Manager None
In scope <$75k or . .
<3 mos. schedule change Fermilab Project Manager None
In scope >$75k or
Control Board i
>3 mos. schedule change ontrol Boar Required

Control Board
Total Project Cost DOE Required
Fermilab Directorate

Non-Emergency Required for

ESH&Q regulations Control Board Required

Change to Project Scope or ContrDoéEOal’d

Required
Schedule Fermilab Sponsors

The Change Control Board (Control Board) will be comprised of the following named
individuals or the designees:

DOE Fermi Site Office A. Harris (non-voting)
Sponsor - Chief Operating Officer J. Anderson

Sponsor — Accelerator R. Dixon

Project Director M. Convery

Project Director G. Annala

Project Manager T. Lackowski (Chair)
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The Fermilab Project Manager will act as Chair to the Control Board. The Control
Board will consider the change requests promptly and, in cases not requiring
additional information or discussion, will respond within two (2) weeks.

Project

Execution
Plan

PROJECT EXECUTION PLAN e SECTION 3.4 e PAGE 45
Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
@ Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC



het

3.5 ORGANIZATIONAL PROCESS ASSETS MC Beamline Enclosure

3.5.1 INTEGRATED SAFETY MANAGEMENT (ISM)
Fermilab subscribes to the philosophy of Integrated Safety Management (ISM), in
accordance with Department of Energy Order 413.3 “Program and Project
Management for the Acquisition of Capital Assets.” Appendix B of this document
contains a URL link to the DOE order. Fermilab requires its subcontractors and sub-
tier subcontractors to do the same. ISM is a system for performing work safely and in
an environmentally responsible manner. The term “integrated” is used to indicate
Project that the Environment, Safety & Health (ESH&Q) management systems are normal
i) 2nd natural elements of doing work. The intent is to integrate the management of
ESH&Q with the management of the other primary elements of construction: quality,
cost, and schedule.

Plan

The subcontractor(s) shall submit proof of an effective integrated safety management
program. The program must be described in the terms listed below.

e Line Management Responsibility for Safety;

e Clear Roles and Responsibilities;

e Competence Commensurate with Responsibility;

e Balanced Priorities;

e |dentification of Safety Standards and Requirements;

e Hazard Controls Tailored to Work Being Performed;

e Operations Authorization.

3.5.2 QUALITY ASSURANCE

All aspects of this project will be periodically reviewed with regard to Quality
Assurance issues from Conceptual Design through Close-out. This review process will
be completed in accordance with the applicable portions of the Fermilab Director’s
Policy Manual, Section 10. Appendix B of this document contains a URL link to the
Fermilab Director’s Policies. The following elements will be included in the design
and construction effort:

An identification of staff assigned to this project with clear definition of

responsibility levels and limit of authority as well as delineated lines of

communication for exchange of information;

e Requirements for control of design criteria and criteria changes and recording
of standards and codes used in the development of the criteria;

e Periodic review of design process, drawings and specification to insure
compliance with accepted design criteria;

o ldentification of underground utilities and facility interface points prior to

the commencement of any construction in affected areas;
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e Conformance to procedures regarding project updating and compliance with
the approved construction schedule;

e Conformance to procedures regarding the review and approval of shop
drawings, samples test results and other required submittals;

e Conformance to procedures for site inspection by Fermilab personnel to
record construction progress and adherence to the approved contract

documents;
e Verification of project completion, satisfactory system start-up and final Project
project acceptance. Execution

Plan

3.5.3 HIGH PERFORMANCE BUILDING DESIGN
Refer to Appendix B for High Performance Building Design.

3.5.4 RELIABILITY AND MAINTAINABILITY

Both reliability and future maintenance are considered in the design of all
components of Fermilab site. Materials and construction techniques are selected
during the design process to provide adequate design life, accessibility, and minimal
maintenance.

When completed, the facility resulting from this project will become the formal
responsibility of the Fermilab Accelerator Division. The completed project, and the
utilities and systems that support it, will be added to the overall laboratory
maintenance and building inspection program of the Facilities Engineering Services
Section. The Facilities Engineering Services Section and Business Services Section will
coordinate the preventative maintenance, normal service and emergency repairs for
the building.

The Building Research Board National Research Council states that if a building
receives an adequate level of maintenance and repair funding, a steady-state
situation should exist wherein the inventory would remain in a service condition that
would neither decline nor improve and a maintenance and repair backlog would not
develop. Maintenance is defined as the day-to-day work necessary to sustain
property in order to realize the originally anticipated useful life of a fixed asset.
Maintenance includes periodic inspection, adjustment, lubrication, and cleaning
(non-janitorial) of equipment, replacement of parts etc. to assure continuing service
and to prevent breakdown. Repair is defined as the work required to restore
damaged or worn-out property to a normal operating condition. In general, repairs
are curative and maintenance is preventive.
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Operations are the activities related to a building’s normal performance of the
function for which it is used. The cost of utilities, janitorial services, window
cleaning, rodent control and waste management are generally included within the
scope of operations and are not maintenance.

The following preliminary maintenance and repair costs forecast is based on

information contained in the Whitestone Building and Repair Cost Reference 2011

Project and indexed for the Chicago, lllinois area. The Building M&R Cost Profile is based on

Y Til;] the General Laboratory model. While not an exact match, the functions and basic

material selections are considered similar in nature to provide a preliminary forecast
of maintenance and repair costs for this project.

Plan

Annual Cost Per |Annual Cost as % of

Square Foot Replac. Cost
Cost (FY2011)
PM and Minor Repair $2.47 0.66%
Unscheduled Maintenance $2.01 0.49%
Renewal and Replacement $5.41 1.38%

If requested, a detailed maintenance and repair forecast for this project will be
developed after the completion of construction. A copy of the referenced
Whitestone Building and Repair Cost Reference data is included in the Appendix B of
this project plan.

3.5.5 VALUE MANAGEMENT

It is not anticipated that a separate value management exercise will be required for
this project. However, internal reviews of designs at various levels of completion will
be performed by the most experienced individuals at Fermilab with the goal to
identify cost effective design solutions. These internal reviews will focus on
understanding the impact of the technical requirements on the overall project
including optimization to reduce the life cycle costs.

3.5.6 RISK MANAGEMENT

The majority of the risk management on this project involves the coordinated
activities affecting ongoing Fermilab operations. Sufficient schedule float is currently
anticipated for the activities related to constructing project to accommodate minor
potential disruptions.
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3.5.7 DESIGN REVIEWS

Design reviews are accomplished in accordance with FESS/Engineering Standard
Operating Procedure 8.3.5.1, “Document Reviews.” Designs are reviewed for
conformance to project requirements and for appropriateness of the proposed
systems, impacts on existing systems and operations, specific technical requirements
to be incorporated into the design and compliance with best and required practices
of authority having jurisdiction.

Project
The objective of the reporting and review activity is to provide the assemblage and Execution

integration of project related cost data, schedule status and performance progress
into reports for the monitoring and management of the project.

Plan

Per Fermilab’s engineering policy, an Engineering Risk Assessment has been
performed and determined that the project is Low Risk therefore the project will
follow standard FESS Engineering procedures. See Appendix B for the Engineering
Risk Assessment Worksheet.
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3.6.1 REPORTING

Daily — If appropriate, construction logs may be prepared by the Fermilab
Construction Coordinator that document the ongoing progress, quality assurance,
safety and change issues. When required, the Subcontractor prepares daily quality
control reports documenting their efforts on field activities. The Fermilab Project
Manager and Fermilab Construction Manager are provided these reports on the
following workday.

Weekly — The Subcontractor submits a summary report of quality control activities for
the previous week at the weekly construction meeting. These reports will include a
“look ahead” schedule that details the expected progress in the coming weeks.

Quarterly - The Fermilab Project Manager will review construction progress, changes,
Subcontractor payouts and general project progress in order to prepare a Quarterly
General Plant Project (GPP) report.

3.6.2 REVIEWS

Directorate Level Review — If appropriate and requested, the project team will meet
with the Directorate to review the project related cost data, schedule status and
performance progress.

Multi-Organization Construction Site Safety Walkthrough — These walkthroughs will
occur periodically as determined by the Fermilab Project Manager. The walkthroughs
will be completed in accordance with Section 7010 of the Fermilab Environment
Safety and Health Manual (FESHM). A copy of the procedure is included in Appendix
B of this Project Plan.
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APPENDIX B MC Beamline Enclosure

Attachments Contained In This Appendix
e URL List of referenced DOE Directives and Guides
e URL List of referenced Fermilab Policies, Procedures and Guidance
e Integrated Project Team Responsibility Matrix
o Life Safety Analysis
e NEPA Documentation
e Sustainable Design/High Performance Building Review Memo
e LEED/Guiding Principles Checklist
e Engineering Risk Assessment
e Whitestone Building and Repair Cost Reference Information
e Fermilab Work Smart Set, Chapter 1070 of FESHM
e Multi-Organization Construction Site Safety Walkthrough Procedure
e Stakeholder Input
0 Comment and Compliance Review Request
0 Stakeholder Comments

URL List of referenced DOE Directives and Guides

e DOE Directive 413.3b APPENDIX
http://www.directives.doe.gov/directives/current-directives/413.3-BOrder-b/view
e DOE Directive G413.3-21 B

https://www.directives.doe.gov/directives/current-directives/413.3-EGuide-21/view

URL List of referenced Fermilab Policies, Procedures and Guidance

e DOE/Fermi Research Associates Contract DE-AC02-07CH11359
http://fra-hg.org/pdfs/FRA Contract.pdf

e Fermilab Director’s Policy Manual
http://www.fnal.gov/directorate/Policy Manual.html

e Fermilab Environment Safety and Health Manual (FESHM)
http://esh.fnal.gov/xms/FESHM

e Fermilab Engineering Manual
http://www.fnal.gov/directorate/documents/FNAL Engineering Manual.pdf

e FESS/Engineering Policy Manual
http://fess.fnal.gov/engineering/PolicyManual.pdf

e FESS/Engineering Procedure Manual
http://fess.fnal.gov/engineering/FESSProcedureManual.pdf

e FESS Environmental Review Form Database
http://fess-fmp/fmi/iwp/cgi?-db=Eng-Review%20Comments&-loadframes

e Fermilab Indirect Burden Rates
http://finance.fnal.gov/Accounting/index.html

APPENDIX B
Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
@ Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC



WORK PHASE
Project Justification CD-0

establish mission need, identify
funding

Preliminary Design CD-1
Establish FESS/Engineering task

PROJECT SPONSERS

Directorate

Chief Operating Officer

J. Anderson

Approve mission need,
place in GPP/AIP queue

Championing
Organization

Accelerator Div. Head
R. Dixon

Establish mission need;
appoint Fermilab Project

Director

Assess D/S/C resource
availability

M. Convery/G. Annala

Prepare/submit mission
need

Define project scope

INTEGRATED PROJECT TEAM

T. Lackowski

Establish project and task
request for Operating
Reserve Funds for

devlopment of CDR

R. Jedziniak

Develop design costs for
each disciple

S. Gaugel

D. Keiner

Department

Department

INTEGRATED PROJECT TEAM RESPONSIBILITY MATRIX
LArTF

R. Ortgiesen

ORGANIZATIONAL PROCESS ASSETS

R. Alber

Provide Project Cost
Range

Determine Fermilab
Project Manager

R. Walton

J. Cassidy

B. Flaherty

LEGEND
Indicates Initiator of Action

Indicates Approval Action
Required

Coordinate engineering
resources, selection, tasking

Review in-house and A/E
human resource

requirements

Issue Approval to Proceed
lon Operating Reserve task

Submit task request for
Operating Reserve funding

Review engineering
task request for
Operating Reserve
funds

Review, concur and
forward task request for
Operating Reerve funds
to COO

Human Resource Management

Determine need for in-
house and A/E human
resource requirements

Review workload
assignments

Prepare A/E RFP Memo

Review A/E RFP

Issue A/E RFP

Review A/E proposal

Review A/E proposal

Forward A/E to FPM

Assist with contracting

Initiate requisition for A/E
work

Establish tasking purchase
order with A/E

Prepare NEPA documentation

Enter FERF into tracking
database

Develop information for
FERF

Interface with ES&H
Section

Review FERF and
detemine if PIF is
required.

Review PIF

Develop PIF, if needed

Submit PIF

Interface with ES&H
Section to support PIF
process

Develop Project Plan

Preliminary acceptance of
aesthetic concerns

Provide D/S/C Resources as
required

Coordinate customer team

Establish project design
team

Direct design teams effort

Provide FESS
Resources as Required

Monitor, Review and
Comment

Provide project
requirements

Interface with customer

Interface w/ customer

Develop Project Plan
Documents

Assist in Developing Project
Plan Documents

AP

BO

CCB

AlE

PIF

PEP
CDR

FPM

D/siC

PO

RFP

FERF

Coo

SET

LIST OF ACRONYMS

Acquisition Plan

Beneficial Occupancy

change control board

Architectural Engineering
Consultant

Project Information Form
(NEPA)

Project Execution Plan

Conceptual Design Report
Fermilab Project Manager

divisions/sections/research
centers

Purchase Order

Request for Proposal

FESS Environmental Review
Form

Chief Operating Officer

Source Evaluation Team

Lab-wide Comment and
Compliance Review

Review and Comment

Review and Comment

Review and Comment

Issues CCR, comment
resolution

Coordinate CCR, comment
resolution

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Fermilab Project Request Form

approve PRF

Approve Fermilab Project
Request Form

Draft Fermilab Project
Request Form

Review Submittal and
Forward to Finance
Section

Review Directive Request

Submit Fermilab Project
Request Form

Create and Submit
Directive Request
Jto DOE

Project Plan Approval

Accepts project scope

Accepts Project Baseline,
Cost, Scope and sSchedule

Accept and Approve Project
Plan

Accept and Approve Project
Plan

Accept and Approve Project
Plan

Submit Project Plan

Project Plan Submittal to DOE for

Construction Directive
Authorization

Submit
Construction
Directive
Authorization

Project Filing

al Design ClI
Establish Funding Codes

Monitor Filing

Establish Project File
Requirements

Request Work Package

Maintain Project Files

Create Work
Package

Monitor Project Filing

Create PCM for Task
Numbers, submit

request to Finance

Human Resource Management

Determine need for in-
house and A/E human
resource requirements

Review workload

Prepare A/E RFP Memo

Review A/E RFP

Issue A/E RFP

Review A/E proposal

Review A/E proposal

Forward A/E to FPM

Assist with
Contracting

Initiate requisition for A/E
work

Establish tasking purchase
order with A/E

Design Coordination Meetings

Participate in Meetings

Participate in Meetings

Coordinate and Lead

Meetings

Design Development

Approve change orders

Interface with Customer
and Fermilab organizations

issue change orders

Lead Development of
Construction Documents,

Drawings, Ex| s
Execute Project Plan Exhibit A and assist in writing Exhibit A coordinate writing of assist in writing Exhibit A provide counsel as
Exhibit B Exhibit A&B requested

Internal Cost Tracking and Control

Monitor Design Progress

provide timely cost

and Costs data to PM
initiate Design Phase Review Design Phase Issue Design Phase Change
Change Orders (if required) [Change Orders Orders to A/E firms (if
required
Review and Approve A/E Review and Approve A/E Review and Approve A/E pay invoices approve A/E invoices
Invoices Invoices Invoices
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WORK PHASE

PROJECT SPONSERS

Directorate

Chief Operating Officer

J. Anderson

Championing
Organization

Accelerator Div. Head

R. Dixon

M. Convery/G. Annala

INTEGRATED PROJECT TEAM RESPONSIBILITY MATRIX
LArTF

INTEGRATED PROJECT TEAM

T. Lackowski

R. Jedziniak

T. Trout

S. Gaugel

D. Keiner

Department

Department

R. Ortgiesen

ORGANIZATIONAL PROCESS ASSETS

R. Alber

R. Walton

J. Cassidy

B. Flaherty

Change Control for Design

Secure Additional Funding

Secure Additional Funding

Initiate Changes to Design
Performance Baseline

Establish CCB for Design
Phase

Prepare Estimates of Cost
and Schedule Impacts

Secure Additional Funding
For Changes

Provide Cost and Schedule
Impact of Proposed
Changes to Fermilab Project
Director

Lab-wide Comment and
Compliance Review

Review and Comment

Issues CCR, comment
resolution

Coordinate CCR, comment
resolution

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Review and Comment

Monitoring and Controlling

Monitor Design Progress

Coordinate Engineering
Resources, Selection,

Tasking, Invoices

Monitor Design Progress

Monitor Project Costs

Monitor Project Costs

LEGEND
Indicates Initiator of Action

Indicates Approval Action
Required

LIST OF ACRONYMS

Acquisition Plan

Revifew and Approve A/E Revi?w and Approve A/E Revi?w and Approve A/E Pay A/E Invoices Revi‘ew and Approve A/E BO e Gy
Invoices Invoices Invoices Invoices
Value Management (tailored) Participate in Value Coordinate and Lead Value [Participate in Value Participate in Value
Management Exercises \ Management CCB  change control board
Develop Design Phase Cost and Lead Development of Assist in Development of Architectural Engineerin
Schedule Estimate Design Phase Cost and Design Phase Cost and AIE Consultant 9 9
Schedule Estimate Schedule Estimate
Independent Cost Estimate Concur with Need for Determine need for Provide Input for Need for . .
. . ) Project Information Form
Independent Cost Estimate |Independent Cost Estimate |Independent Cost Estimate PIF (NEPA)
Prepare A/E RFP Memo Review A/E RFP Issue A/E RFP PEP  Project Execution Plan
Review A/E proposal Review A/E proposal Forward A/E to FPM Assist WIFh CDR  Conceptual Design Report
Contracting
Initiate requisition for A/E Establish taski h . .
alist & sta 'S. asking purchase FPM  Fermilab Project Manager
work order with A/E
Design Phase Submittals Prepare Signature Sheet for divisions/sections/research
Release of Design Phase D/sIC
centers
Documents
Approve Release of Design [Approve Release of Design |Approve Release of Design Approve Release of Approve Release of
Phase Documents Phase Documents Phase Documents Design Phase Design Phase PO Purchase Order
Documents Documents
Request For Proposal Review Request For Review Request For Develop Request For REP Request for Proposal
Proposal Documents Proposal Documents Proposal Documents
Regulatory Permits Provide Counsel as Identify Required Identify Required FERF FESS Environmental Review
Requested Permits Permits Form
Provide Permit Information [Provide Permit Information Appro_ve Permit Prep_are.Permit COO  Chief Operating Officer
Submittal Application
Al | P it Submittal [Ay | P it Submittal Submit Application t .
pproval Permit Submittal [Approval Permit Submittal ubriitApplicationiio SET  Source Evaluation Team
ES&H Section
Monitor Permitting Process
Update Project Plan Identify Changes to Project |ldentify Changes to Project |Identify Changes to Project Identify Changes to Identify Changes to Identify Changes to

Plan

Plan

Plan

Project Plan

Project Plan

Project Plan

Update Project Plan

Approve Changes to Project
Plan

Approve Changes to Project
Plan

Project Reporting

Monitor Design Progress
and Costs

Initiate Request for
Quarterly GPP
Reports

Prepare Quarterly GPP
Reports

Provide Timely Cost
Data to FPM

Review Quarterly GPP
Reports

Review Quarterly GPP
Reports

Review Quarterly GPP
Reports

Review Quarterly GPP
Reports

Review Quarterly
[GPP Reports

Forward Quarterly
GPP Reports to
Finance Section

Submit Quarterly
(GPP Reports to DOE

Directive Modifications

Review and Approve
Directive Modification
Request Form

Review Directive
Modification Request Form

Prepare Directive
Modification Request Form

Review and Approve
Directive Modification
Request Form

Submit Directive
Modification Request
Form to Finance
Section

Review Directive
Modification
Request Form

Review and Approve
Directive Modification

Request Form

Forward Directive
Modification Form
to DOE

Project Filing

Procurement CD-3

Issue Request For Proposal

Monitor Filing

Establish Project File
Requirements

Initiate Construction
Requisition

Maintain Project Files

Monitor Project Filing

Approve

Approve

Approve

|Approve

Approve

Issue Request For Proposal

Pre-Proposal Meeting (if
required)

Page 2 of 5

Determine Necessity for
Pre-Proposal Meeting

Coordinate and Chair Pre-

Proposal Meeting
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INTEGRATED PROJECT TEAM RESPONSIBILITY MATRIX
LArTF

INTEGRATED PROJECT TEAM ORGANIZATIONAL PROCESS ASSETS

LEGEND

PROJECT SPONSERS

Championing
Organization

Directorate

Indicates Approval Action

Chief Operating Officer Accelerator Div. Head Required

R. Alber R. Walton B. Flaherty

WORK PHASE J. Anderson R. Dixon M. Convery/G. Annala T. Lackowski R. Jedziniak T. Trout S. Gaugel D. Keiner Department Department R. Ortgiesen J. Cassidy

Participate in Pre-Proposal
Meeting

Participate in Pre-Proposal
Meeting

Participate in Pre-Proposal
Meeting

Participate in Pre-
Proposal Meeting

Requests For Information

Coordinates RFls

Monitors RFI Process

Concurs with Replies for
RFIs

Prepares Replies For RFls

Monitors RFI Process

[Amendments

Concurs with Need for
to RFP

Determines Need for
to RFP

Monitors Amendment
Process

Assemble Amendment
Documentation

Monitors Amendment
Process

Issues Amendment to RFP

Proposal Evaluations

Chair Source Evaluation
Team

Source Selection Officer

evaluate safety
submittals

Participate in Source
Evaluation Team

Evaluate Corporate Quality
Control Plan

Participate in Source
Evaluation Team

Participate in Source
Evaluation Team

Provide Counsel as
Requested

Monitor Source
Evaulation Team Process

Evaluate Schedule
Submittal

Review Proposals for
Business Related Issues

Forward Recommendation
to Source Selection Officer

Negotiations

Assist in Negoiations

Conduct Negotiations

Provide Counsel as
Requested

Subcontract Award

Initate Recommendation To
Award

Review and Accept
Safety Documentation

Contracting

Approve Award Approve Award Award Subcontract Provide Counsel as
Requested
Update Project Plan For Identify Changes to Project |ldentify Changes to Project |Identify Changes to Project Identify Changes to Identify Changes to Identify Changes to
Construction Phase Plan Plan Plan Project Plan Project Plan Project Plan
Update Project Plan
Approve Changes to Project [Approve Changes to Project
Plan Plan
Project Filing Monitor Filing Establish Project File Maintain Project Files Monitor Project Filing
Requirements
Construction
Pre-Construction Meeting Determine Necessity for
Pre-Construction Meeting
Coordinate and Chair Pre-
Construction Meeting
Participate in Pre- Participate in Pre- Participate in Pre- Participate in Pre- Participate in Pre- Participate in Pre- Participate in Pre-
(Construction Meeting Construction Meeting Construction Meeting Construction Meeting Construction Meeting Construction Meeting |Construction Meeting
Subcontractor Corporate Safety Review Submittals Review Submittals Review/Approve Safety
Plan and Health Submittals
Accept Subcontractor
Corporate Safety Plan
Subcontractor Quality Control Review Subcontractor Plan [Review Subcontractor Plan [Review Subcontractor Plan
Plan
Accept Subcontractor
Quality Control Plan
Storm Water Erosion Control Plan Review Plan Review Plan Review Plan Review/Approve
Environmental
Submittals
Accept Storm Water
Erosion Control Plan
Hazard Analysis Review and Accept Hazard Monitor Process Assist Review as
Analysis Requested
Fermilab Permits Monitor Process Monitor Process Obtain and Maintain Monitor Process Provide Oversite and
Currency Support of Process
Notice To Proceed Monitor Process Assure Predessocors are in |Issue Notice To Proceed Monitor Process
Place
Cost Loaded Schedule (CLS) Review CLS Review CLS Review and Comment on
(GIS)
Accept CLS
Submittal List Review Submittal List Review Submittal List Review Submittal List
Approve Submittal List
A/E Support For Construction Determine need for in- Review workload
Phase house and A/E human assignments
resource requirements
Prepare A/E RFP Memo Review A/E RFP Issue A/E RFP
Review A/E proposal Review A/E proposal Forward A/E to FPM Assist with

Initiate requisition for A/E
work

Establish tasking purchase
order with A/E

Execute Construction Phase

Monitors Process

Fermilab Competent Person

First Line Contact with
Subcontractor

Coordinate Fermilab
Interfaces (services,

outages, etc.)

Inspections and Reports

Monitor QA program

QA Inspections for
Technical and Safety Plan

Compliance

Support as Requested

Support as Requested

Support as Requested

Support as Requested

Monitor Progress and
Trends

Daily Construction Report
to FPM

Monitor Progress and
Trends

Monitor Progress and
Trends

Labor Reporting

Obtain Man-hour Reports.

from Subcontractor

Review Davis-Bacon Payroll
Submittals

Deficiency Log

Monitor Deficiency Log

Monitor Deficiency Log

Maintain Deficiency Lo

Submittals

Page 3 of 5

Monitor Submittal Review

Process

Coordinate Submittal

Review

Participate in Submittal

Review Process

AP

BO

CCB

AlE

PIF

PEP

CDR

FPM

D/sIC

PO
RFP

FERF
coo
SET

LIST OF ACRONYMS

Acquisition Plan
Beneficial Occupancy
change control board
Architectural Engineering
Consultant

Project Information Form

(NEPA)

Project Execution Plan

Conceptual Design Report

Fermilab Project Manager

divisions/sections/research
centers

Purchase Order

Request for Proposal
FESS Environmental Review
Form

Chief Operating Officer

Source Evaluation Team
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WORK PHASE

PROJECT SPONSERS

Directorate

Chief Operating Officer

J. Anderson

Championing
Organization

Accelerator Div. Head

R. Dixon

M. Convery/G. Annala

INTEGRATED PROJECT TEAM RESPONSIBILITY MATRIX
LArTF

INTEGRATED PROJECT TEAM

T. Lackowski

R. Jedziniak

T. Trout

S. Gaugel

D. Keiner

Department

Department

R. Ortgiesen

ORGANIZATIONAL PROCESS ASSETS

R. Alber

R. Walton

J. Cassidy

B. Flaherty

Issue and Approve Actions

Maintain Submittal Log

Engineering Changes

Initiate Engineering Change
Request

Develop Documentation for

Engineering Changes

Concur with Engineering
Change Request

Issue Engineering Change
Request

Issue Engineering Change
Request to Subcontractor

Forward Engineering
Change Request
Information from
Subcontractor to Project
Team

review / approve

Review Subcontractor
Engineering Change
Request Submittal

Review Subcontractor
Engineering Change
Request Submittal

Initiate Requisition

Review Subcontractor
Engineering Change
Request Submittal

Approve Requsition

Approve Requsition

Approve Requsition

Approve Requsition

Approve Requsition

Issue Supplemental

Agreement
Maintain Engineeeing
Change Log
Claim Review and Negotiations Lead Review and Assist Review Assist Review Assist Review and provide counsel as assist review
Negotiations Negotiation requested

Approve Settlements

Determine Settlements

Supplemental Agreements

Approve Supplemental

Issue Supplemental

Agreements Agreements
Non-compliance Notifications Draft Non-compliance Provide Counsel as provide counsel as
Notification d requested
Issue Non-compliance Concur with Non-
Notification compliance Notification
Monitor Non-compliance
Notifications
Construction Meeting Participate in Meetings Patricipate in Meetings Chair Meeting Patricipate in Meetings Attend as Requested Attend as Requested Attend as Requested

Weekly Project Team Meeting

Participate in Meetings

Participate in Meetings

Chair Meeting

LEGEND
Indicates Initiator of Action

Indicates Approval Action
Required

LIST OF ACRONYMS

AP Acquisition Plan
BO Beneficial Occupancy
CCB  change control board
Architectural Engineering
AIE
Consultant
PIF Project Information Form
(NEPA)
PEP  Project Execution Plan
CDR  Conceptual Design Report
FPM  Fermilab Project Manager
DISIC divisions/sections/research
centers
PO Purchase Order
RFP  Request for Proposal
FEre  FESS Environmental Review
Form
COO  Chief Operating Officer
SET __ Source Evaluation Team

Participate in Meetings

Participate in Meetings

Participate in Meetings

Project Management Group

Participate in Meetings

Participate in Meetings

Participate in Meetings

Lead Presentation

Participate in Meetings

Participate in Meetings

Participate in

Participate in Meetings

Meeting Meetings
Project Reporting Monitor Design Progress Initiate Request for
and Costs Quarterly GPP
Reports

Prepare Quarterly GPP
Reports

Provide Timely Cost
Data to FPM

Review Quarterly GPP
Reports

Review Quarterly GPP
Reports

Review Quarterly GPP
Reports

Review Quarterly GPP
Reports

Review Quarterly
[GPP Reports

Forward Quarterly
GPP Reports to
Finance Section

Submit Quarterly
(GPP Reports to DOE

Cost Tracking and Control

Monitor Construction

Progress

Monitor Construction
Progress

Monitor Construction
Progress

Monitor Construction
Progress

Provide Timely Cost
Data to FPM

Track A/E invoices and
FESS Engineering Costs

Monitor EDIA Costs

Monitor Project Costs

Subcontractor Progress Updates

Review and Comment on
Subcontractor Update
Submittals

Review and Comment on
Subcontractor Update
Submittals

Conduct Progress Updates
with Subcontractor

Review and Comment on
Subcontractor Update
Submittals

Invoice Approvals

Review Invoices

Review Invoices

assure invoice checklist is

complete

Approve Invoices

Approve A/E and
Subcontractor Invoices

Approve Subcontractor
Invoices

Approve Invoices

Punch List

Determine Punchlist Start

Participate in Walkthroughs

Coordinate Customer
Walkthroughs

Coordinate Engineering
Portion of Walkthroughs

Coordinate Punch List

Walkthroughs

Monitor Punch List Activity

Transmit Punch List to
Subcontractor

Assemble Lab Punch IList

Monitor Completion of
Punch List Items

Beneficial Occupancy

Accept Customer D/S/C
Responsibilities

Coordinate Customer D/S/C
Responsibilities

Coordinate Walkthroughs

Approve Beneficial
(Occupancy

Approve Beneficial
Occupancy

Transmit Beneficial
Occupancy to
Sucbontractor

Initiate Beneficial
Occupancy Form

Approve Beneficial
Occupancy

Approve Beneficial
Occupancy

Approve Beneficial
Occupancy

Final Acceptance

Approve Final Acceptance

Approve Final Acceptance

Transmit Final Acceptance

Initiate Final Acceptance

Approve Final Acceptance

Approve Final

Approve Final

to Subcontractor Form Acceptance Acceptance
Update Project Plan Identify Changes to Project |ldentify Changes to Project |Identify Changes to Project Identify Changes to Identify Changes to Identify Changes to
Plan Plan Plan Project Plan Project Plan Project Plan

Update Project Plan

Approve Changes to Project
Plan

Approve Changes to Project
Plan

Incident igation:

Initiate Call Tree

Assist as Required

Assist as Required

Assist as Required

Assist as Required

Assist as Required

Assist as Required

Assist as Required

Obtain Incident Report
from Subcontractor

monitor process

monitor process
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BEAM TRANSPORT ENCLOSURE

A. Occupant Load: The occupant load should be administratively controlled to a
maximum of 20 persons.

B. Construction: The facility should be of Type IB construction as defined by
Section 602 of the 2012 IBC.

C. Compartmentation: Walls separating the Beamline Transport Enclosure from
the Detector Hall should be 2 hr. fire/smoke barrier walls.

D. Smoke Control: No requirements.

Exception: Should the floor level of the Beam Transport Enclosure be located more than 30 feet
below grade, the exit stairway enclosures serving the Beam Transport Enclosure
should be supplied with outside air to provide a positive pressure of 0.05 in/wg
relative to the adjacent space.

E. Means of Egress:

1. At least two separate exits to the surface should be provided. The
maximum travel distance to an exit should not exceed 300 feet.

2. Exit stairways should be enclosed by 2 hr. fire rated construction.
3. The common path of travel should not exceed 50 feet.
4, Aisles should be maintained at a minimum clear width of 24 inches. A

minimum headroom of 6’-8" should be provided throughout the Beam
Transport Enclosure.

Exception: Should the occupant load for the Beam Transport Enclosure be increased to
more than 20 persons, but less than 50 persons, aisles should be
maintained at a minimum clear width of 36 inches and a minimum headroom
of 7’-6" should be provided.

5. Dead end corridors should not exceed 20 feet in length.

6. Emergency lighting should be provided for all means of egress in
accordance with the IBC and NFPA 101.

Fermilab Mu2e Conventional Facilities 10 March 8, 2012
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F. Standpipe System: No requirements.

Exception: Should the floor level of the Beam Transport Enclosure be located more than 30 feet
below the level of exit discharge, a Class | standpipe system with 242" fire department
hose valves should be provided at the base of all exit stairways.

G. Fire Detection and Alarm System:
1. An addressable fire detection and alarm system should be provided for
the Beam Transport Enclosure. The system should consist of:

a. Manual pull stations located at the entrances to exit stairways.

b. Air sampling smoke detection (or spot type smoke detectors)
throughout the Beam Transport enclosure.

C. Combination horn/strobe devices located throughout the facility.
H. Emergency Power and Standby Power Systems:
1. Emergency power should be provided for the following systems such that

the transition time from the instant of failure of normal power to an
alternate power source does not exceed 10 seconds:

a. Fire detection and alarm system.
b. Exit sign illumination.
C. Lighting throughout the Beam Transport Enclosure.
2. Standby power is not required:
3. The alternate power supply should be capable of providing power for a

minimum of 1% hours for emergency power systems. The fire detection
and alarm system should be provided with battery back-up sufficient to
power the system for 24 hours in stand-by mode, followed by 15 minutes
of alarm mode.

l. Miscellaneous:

1. Use and/or storage of flammable and combustible liquids should be
prohibited.
Fermilab Mu2e Conventional Facilities 11 March 8, 2012
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2. All wall and ceiling finishes should be Class A with a flame spread rating
not to exceed 25 and a smoke development rating not to exceed 450.

3. Insulated cables and wiring not installed in metal conduits and raceways
should meet IEEE Standard 1202 for flame propagation, where possible.
All fire alarm system wiring should be installed in metal conduit.

4, On-site self contained breathing apparatus should be provided in the
guantities and locations as directed by Fermilab-Environmental, Safety &
Health.

5. Portable fire extinguishers should be provided throughout the facility in

accordance with NFPA 10, Standard for Portable Fire Extinguishers, and
as directed by the Fermilab Fire Department.

Prepared By:

Vel A

Rick Glenn, P.E.
Project Manager
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Department of Energy
Fermi Site Office
Post Office Box 2000
Batavia, Illinois 60510

JUN 12 2012

Dr. Bruce L. Chrisman
Chief Operating Officer
Fermilab

P.O. Box 500

Batavia, IL 60510

Dear Dr. Chrisman:

SUBJECT:  NATIONAL ENVIRONMENTAL POLICY ACT (NEPA) DETERMINATION AT
FERMI NATIONAL ACCELERATOR LABORATORY (FERMILAB) — FERMILAB
MUON CAMPUS, INCLUDING THE MUON TO ELECTRON CONVERSION
(Mu2e) EXPERIMENT AND THE MC-1 BUILDING

Reference:  Letter, from B. Chrisman to M. Weis, dated June 6, 2012, Subject. NEPA
Environmental Evaluation Notification Form (EENF) for the Fermilab Muon
Campus, including the Mu2e Experiment and the MC-1 Building

I have reviewed the Fermilab EENF for the Fermilab Muon Campus, including the Mu2e
Experiment and the MC-1 Building. Based on the information provided in the EENF, | have
approved the following categorical exclusion (CX):

Project Name ; Approved CX
Fermilab Muon Campus, including the 6/8/2012 B1.15, B3.10

Mu2e Experiment and the MC-1 Building

I am returning a signed copy of the EENF for your records. No further NEPA review is required.
This project falls under categorical exclusions provided in Title 10, Code of Federal Regulations,
Part 1021, as amended in November 2011.

Sincerely,

/)

2]
Al /"/é

7" Michael J. Weis
Site Manager

Enclosure:
As Stated

cc: P. Oddone, w/o encl.
Y.-K. Kim, w/o encl.
N. Grossman, w/encl.
T. Dykhuis, w/encl.



FERMILAB ENVIRONMENTAL EVALUATION NOTIFICATION FORM (EENF)
for documenting compliance with the National Environmental Policy Act (NEPA),
DOE NEPA Implementing Regulations, and the DOE NEPA Compliance
Program of DOE Order 451.1

Project/Activity Title: Establishment of a Fermilab Muon Campus (MC) Program, including
the Muon to Electron Conversion (Mu2e) Experiment and the MC-1 Building

ES&H Tracking Number: 01090

| hereby verify, via my signature, the accuracy of information in the area of my contribution for this document and
that every effort would be made throughout this action to comply with the commitments made in this document
and to pursue cost-effective pollution prevention opportunities. Pollution prevention (source reduction and other
practices that eliminate or reduce the creation of pollutants) is recognized as a good business practice which
would enhance site operations thereby enabling Fermilab to accomplish its mission, achieve environmental

compliance, reduce risks to health and the environment, and prevent or minimize future Department of Energy
(DOE) legacy wastes.

Fermilab Associate Lab Director, Particle Physics Sector: Greg Bock -~ ('V" (0[ "’// Z
Fermilab Particle Physics Sector ES&H Manager: Eric McHugh W /ﬁ‘/ %’”’7"‘/ 7/’Z

. X " ‘\__44_.-""\
Fermilab Associate Lab Director, Accelerator Sector: Stuart Henderson r‘-’b- (,:/4 /IZ

Fermilab Accelerator Sector ES&H Manager: JohW éf//‘—’—L 4 (Jone /2

Fermilab Muon Department Head: Gerald Annala { 2% g/t( éé (0/5 )IA
Fermilab MC-1 Building Project Director: Erik Gottschalk &3> 6 /Q/ L=
Fermilab Mu2e Project Manager: Ronald Ray 2"«?/ i /} 5 l\é

Fermilab Mu2e ES&H Coordinator: Adrienne Dee Hahn_ 7@ L o iz

=
-

Fermilab Engineering and Services Section (FESS) Head: Randy Ortgiese

Fermilab Environment, Safety and Health Environmental Officer: Erigdjelgnd =
. /%@( -7~

Fermilab NEPA Program Manager: Teri L. Dykhuis J; / .
CA/ia
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. Description of the Purpose and Need for the Proposed Action; the Proposed
Action; and Alternatives to the Proposed Action

Purpose and Need:

The purpose of the proposed action/project is to establish a Fermilab Muon Campus (see Figure 1 and 2 in
Appendix A) Program that would be a base for future muon experiments. The Program currently includes the
proposed construction and operation of the Muon to Electron Conversion (Mu2e) Experiment and the proposed
construction of the Muon Campus (MC)-1 Building, that would be built in anticipation of the future Muon
Gyromagnetic Ratio Measurement (g-2, pronounced g minus 2) Experiment. It is expected that the Muon
Campus Program would maximize the synergy between the Mu2e Experiment and the g-2 Experiment and
minimize the overall cost of developing them individually due to the ability to share utilities, consolidate
infrastructure, and mobilize civil construction concurrently.

The purpose of creating the Mu2e Experiment is to enable scientists to make the most sensitive search ever
made for the coherent conversion of muons into electrons in the field of a nucleus, which is an example of
‘charged lepton flavor violation’ (electrons are 1* generation and muons are 2™ generation leptons). The Mu2e
Experiment would provide an advance in experimental sensitivity of four orders of magnitude (10,000 times more
sensitive) than previous experiments and it is needed to shed light on the mechanism for generating the observed
matter-antimatter asymmetry of the universe. Combined with neutrino program results, the Mu2e Experiment
could also help point the way to a unification theory of the fundamental forces of nature. This leap in sensitivity
could be achieved with a modest evolution of the existing Fermilab accelerator complex, to create the required
intense low energy muon beam; a state-of-the art detector capable of precision measurements in the presence of
high rates of conversions; and a new detector hall facility to house the experiment. A successful Mu2e
Experiment could be the first step in a world-leading muon-decay program that would “advance fundamental
knowledge in high energy physics that would result in a deeper understanding of matter, energy, space and time’
which is consistent with the Department of Energy Secretarial Strategic Priority of Science, Discovery, and
Innovation.

The purpose of the MC-1 Building is to initially house the anticipated g-2 Experiment that is needed to measure
the gyromagnetic ratio "g" of the muon; this ratio is particularly sensitive to any new particles or interactions
beyond the Standard Model, the current understanding of elementary particle physics. The building would
potentially be repurposed for other future muon experiments that would be suited to an intense muon beam and
benefit from the reuse of the existing accelerator system, specifically the recycler and antiproton facilities.

Proposed Action:
To fulfill the purpose and need for the Muon Campus Program, which currently includes the Mu2e Experiment and
the MC-1 Building, the following activities are proposed.

Mu2e Experiment

To achieve the sensitivity goal described in the ‘purpose and need’ for the Mu2e Experiment, a high intensity low
energy muon beam coupled with a detector capable of efficiently identifying 105 MeV electrons, while minimizing
background from conventional processes, is necessary and the muon beam would be created at Fermilab by an 8
GeV pulsed beam of protons striking a production target.

The components necessary to execute the Mu2e Experiment include a Primary Proton Beam which would require
modifications to the Fermilab Accelerator Complex that involve Recycler Ring Modifications, Antiproton
Debuncher/Delivery Ring Upgrades, a new Muon Campus External Beamline and Beamline Enclosure;
Superconducting Solenoids including the Production, Transport, and Detector Solenoids; a Mu2e Detector; Muon
Campus Cryogenic Plant; and a Mu2e Facility comprised of an Underground Detector Hall and a Surface Building
at grade level. Proposed activities needed to construct and enable operation of the Mu2e Experiment are as
follows:

¢ Prepare the Muon Campus Site, which would include relocation of a portion of Kautz Road to the west
to accommodate construction of the Mu2e Building. Additionally, a large portion of the Kautz Road
stockpile would be relocated to provide for the realignment of the roadway and the existing high-pressure
gas line that parallels the existing roadway would be relocated alongside the new roadway alignment.
The roadway and gas line would be made functional prior to construction of the new Mu2e Facility.

NEPA EENF for the Fermilab Muon Campus Program
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To accommodate the future electrical loading requirements of the Muon Campus, an additional high-
voltage electrical feeder would be extended to the campus footprint. A new extension of Feeder 24 would
be constructed from the Master Substation to the F-3 service area and isolating 4-bay air switches would
be installed at these locations to provide for configuration changes. The new feeder cables would be
pulled through existing ductbank and no new ductbank construction is expected other than at the location
of the new switches.

Modify the existing Fermilab Accelerator Complex to facilitate the transfer of 8 GeV protons from the
Fermilab Booster to the proposed Mu2e Detector while the 120 GeV neutrino program is operating (see
Figure 3 in Appendix A). To accomplish this, the existing Recycler and Antiproton Debuncher/Delivery
Ring (the Antiproton Debuncher Ring would be renamed Delivery Ring for the purposes of the Muon
Campus so is referred to here as the Antiproton Debuncher/Delivery Ring) would be modified to re-bunch
batches of protons from the Booster and then slow extract beam to the Mu2e Detector (see Figures 3 and
" 4in Appendix A). -

Primary Proton Beam — The Mu2e Experiment requires a high intensity pulsed proton beam to produce
an intense beam of low energy muons with the time structure required by the experiment; Figure 3
illustrates the eventual Fermilab accelerator complex necessary to acquire protons for the Mu2e
Experiment. The total number of protons to be delivered on target for the experiment is 1.2 x 10%° per
year, corresponding to an average power of about 8 kW. As shown in Figure 4, batches of protons from
the existing Booster would be transported to the Recycler Ring for re-bunching via a new Radio
Frequency (RF) system and the re-bunched beam would be kicked out of the Recycler into existing
transfer lines that would deliver protons to the Antiproton Debuncher/Delivery Ring. A resonant extraction
system in the Antiproton Debuncher/Delivery Ring would then slow extract protons to the proposed Mu2e
Detector through a new external beamline. The operating scenario and proposed modifications are as
follows:

> Recycler Ring Modifications - The transport of protons from the Booster to the Recycler Ring would
occur via a connection from the MI-8 line to the Recycler Ring. This connection does not currently
exist but it, along with construction and installation of a kicker system to inject Booster batches into
the Recycler Ring, are part of the Neutrinos at the Main Injector (NuMl) Off-Axis Electron Nuetrino
Appearance Experiment (NOVA) project scope that would be completed in advance of the Mu2e
Experiment. The scope of this work was included in the NOvA Environmental Assessment/Finding of
No Significant Impact.

In addition, the Mu2e Experiment would require the ability to re-bunch beam in the Recycler Ring;
therefore, a new 2.5 MHz RF system would be installed to divide batches of protons from the Booster
into four smaller bunches that would be transferred one-at-a-time to the existing P1 line. A new
connection would be made from the Recycler Ring to the P1 line, which currently connects to the
Main Injector. A new extraction kicker is also required.

> Transfer Lines and Antiproton Debuncher/Delivery Ring Injection - Proton bunches formed in the
Recycler Ring would be kicked into the P1 line and transported to the Antiproton Debuncher/Delivery
Ring through a series of existing transfer lines. For Mu2e running, protons would traverse the P2,
AP1 and AP3 lines before being injected into the Antiproton Debuncher/Delivery Ring by a new
injection kicker. The proton bunches would be captured in the Antiproton Debuncher/Delivery Ring
by a new 2.4 MHz RF system consisting of RF modules that are identical to the RF modules needed
for the Recycler Ring. Stochastic cooling tanks and other equipment used for antiproton production
would be removed from the Antiproton Debuncher/Delivery Ring to open up the beam aperture as
much as possible.

The Antiproton Debuncher/Delivery Ring upgrade would improve the aperture of the beam transport
line to the Antiproton Debuncher/Delivery Ring, as well as the Antiproton Debuncher/Delivery Ring
itself to better serve multiple muon experiments. General improvements would be made to support
the transport of 8 GeV protons with a large momentum spread and high repetition rate from the
Recycler Ring to the APO target or to the Antiproton Debuncher/Delivery Ring. The aperture of the
beam line would be increased by replacement of limiting magnets as well as modest improvements of
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the optics. These changes would minimize beam loss and allow better transmission efficiency. Small
changes in the power systems and beamline enclosure would be required for some of these
improvements. Instrumentation would be upgraded to allow operation with higher repetition rates and
longer bunch structure.

In the Antiproton Debuncher/Delivery Ring, an injection kicker and septum magnet would be added to
allow direct injection of 8 GeV protons, or 3.1 GeV muons from the new Muon Campus beamline.
Collider equipment that is no longer necessary would be removed to maximize the aperture. An abort
system would be installed that would serve as a standard proton abort for Mu2e, as well as provide
the ability to remove unwanted protons from the muon beam circling the Antiproton
Debuncher/Delivery Ring. Instrumentation would be upgraded to be compatible with the beam
structure specified by future muon experiments. Various improvements would be made to allow for
the higher radiation environment that would be present with the operation of the muon experiments,
including replacement of magnet cooling hoses and tubing with more radiation resistant materials,
and magnet shunts would be relocated to service buildings from their present tunnel locations. Within
the scope of the Mu2e project, there would be the addition of local shielding and a Total Loss Monitor
system which would be implemented to ensure that the radiation dose to the public is below 1
mrem/year while the muon program is in operation. Finally, upgrades to the electrical panels and
service buildings would be implemented to better serve the future power supply systems needed for
muon operation. There are some power supplies that would be upgraded as a result of their age and
difficulty maintaining.

> Antiproton Debuncher/Delivery Ring Modifications exclusive to Mu2e - Mu2e requires slow
extracted proton beam to be delivered to the Mu2e Detector. A new resonant extraction system is
required that delivers narrow microbunches to the detector that are separated by the revolution period
of the Debuncher Ring. The resonant extraction system consists of sextupole magnets, quadrupole
magnets, an RF knockout device and an electrostatic extraction septum along with the controls and
instrumentation necessary to operate and control the resonant extraction process. Internal shielding
at loss points in the beamline tunnel and Debuncher Ring are also required for Mu2e operation.

Design and construct a new MC External Beamline and Beamline Enclosure from the Antiproton
Debuncher/Delivery Ring to the Mu2e Detector (see Figure 4 in Appendix A). The MC Beamline
Enclosure would consist of the activities required for construction of a below-grade, cast-in-place and/or
precast concrete enclosure to house the programmatic beamline components that would be required to
transport the proton beam from the existing Antiproton Debuncher/Delivery Ring into the Mu2e Detector
Enclosure and MC-1 Building. The MC Beamline Enclosure would be a 10 foot wide by 8 foot high
concrete enclosure approximately 700 feet long, running from the existing Antiproton Debuncher/Delivery
Ring enclosure to the Mu2e Detector Enclosure. A shortened stub up section would be constructed to
transport beam from the Antiproton Debuncher/Delivery Ring enclosure to the MC-1 Building as well. The
MC Beamline Enclosure would be designed to support 16 feet of earth and concrete shielding to grade.

The MC Beamline Enclosure would be flanked with underdrain piping that would negate the hydraulic
pressure on the walls and roof of the enclosure and the underdrains would be routed to a duplex sump
that would discharge water onto grade and away from the enclosure. The walls and ceiling of the
enclosure would be fitted with channel inserts to allow for support of cable trays, cooling water, electrical
conduits and fire detection equipment. In addition, convenience outlets and welding outlets would be
located along the enclosure, in addition to required emergency and exit lighting, as well as normal light
fixtures. The enclosure would be ventilated with neutral dehumidified air and fire detection would be via
air sampling and line type sensors.

The majority of the construction of the MC Beamiine Enclosure would utilize traditional ‘open cut and
cover’ methods in which material is removed from the beamline location, the beamline 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. For those
areas located adjacent to existing utility crossings, an earth retention system would be used.

Design and construct the proposed Mu2e Superconducting Solenoid System (see Figure 5 in
Appendix A) consisting of a Production Solenoid that contains the target for the primary proton beam, an
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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 would house the muon stopping target made
from a series of thin foils and the detector elements.

Considerable infrastructure is required to support the operation of the solenoids. This includes power,
quench protection, cryogens (liquid nitrogen and liquid helium), control and safety systems as well as
mechanical supports to resist the substantial magnetic forces on the magnets.

» Design and construct a proposed Mu2e Detector (See Figure 5 in Appendix A) consisting 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 would accurately
measure the trajectory of charged particles, the calorimeter would provide independent measurements of
energy, position and time, the stopping target monitor would measure the characteristic X-ray spectrum
from the formation of muonic atoms, the cosmic ray veto would identify cosmic ray muons traversing the
detector region that can cause backgrounds and the extinction monitor would detect scattered protons
from the stopping target to determine the fraction of out-of-time beam.

* Design and construct a Muon Campus Cryoplant. The Mu2e Experiment would require liquid helium
to cool superconducting magnets and therefore a cryogenic facility would be constructed. Existing
Tevatron compressors would drive compressed Helium from the Tevatron ring to a low bay attached to
the proposed MC-1 Building. The low bay would contain 3 recycled Tevatron satellite refrigerators that
could handle the dynamic load and cold lines would run from the refrigerators to the proposed Mu2e
Detector Hall/Enclosure.

¢ Design and construct a proposed facility (Mu2e Facility) to house the Mu2e Detector and the
associated infrastructure (see Figure 6 in Appendix A). This would include an underground enclosure
to house the Mu2e Detector (Mu2e Detector Hall/Enclosure) and a surface building to house necessary
equipment and infrastructure that can be accessed while beam is being delivered to the detector.
Routing of utilities from nearby locations and installation of new transformers to power the facility would
be conducted. The Mu2e Facility would be comprised of approximately 25,000 square feet of new
construction space.

MC-1 Building

The proposed MC-1 Building (See Figure 7 in Appendix A) would be a general purpose facility for the study of
muon detectors and the internal outfitting would be designed and constructed in order to accommodate the future
Muon g-2 Experiment. It would be located within the new Muon Campus, northeast of the existing Antiproton
Facility (Antiproton Debuncher/Delivery Ring) and the south side of the facility would be constructed to support
the berm required to shield the future beamline for the Mu2e Experiment.

The general building would be comprised of a 13,500 gross square feet facility and the experimental area would
consist of an 80 feet by 80 feet high-bay facility with overhead bridge crane and one-story basement area
designed to support large loads from accelerator equipment. Equipment access would be from a grade-level
loading dock. A one and two story Service Building would include areas for the installation of computing facilities;
power supplies; control/counting room; storage space and building support equipment. A one-story 40 feet by 40
feet Refrigeration Room would be included to house refrigeration equipment in support of installed experiments as
well as toilet and janitorial services and general space for shop equipment.

Utilities would be tapped from nearby feeders and piping in existing utility corridors, including: electrical,
communications, natural gas, industrial cooling water, sanitary sewer, domestic water and chilled water. The
facility would be constructed in consideration of potential future Muon Campus construction, including beamline
enclosures, refrigeration utilities and the future Mu2e Experiment.

Alternatives:

Alternative Sites

The Brookhaven National Laboratory (BNL) Alternating Gradient Synchrotron (AGS), if suitably upgraded, could
be used to provide proton beam for a muon conversion experiment. However, the BNL Muon to Electron
Conversion (MECO) proposal that was initiated as a National Science Foundation (NSF) project was cancelled
due to the cost of the upgrades and therefore this alternative is not viable.
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The Los Alamos National Laboratory (LANL) 800 MeV proton line could be used to produce a secondary beam of
muons for a muon conversion experiment. The duty factor of the beam, however, is less than 10 percent which
would result in substantially higher instantaneous rates that would require more sophisticated, costly and risky
detector technologies so this alternative is not viable.

Conversely, the existing Fermilab accelerator complex could be easily and cost effectively adapted to provide a
high intensity proton beam necessary for a muon conversion experiment. In fact, Mu2e is ideally suited to the
Fermilab complex because the existing antiproton source (Debuncher/Delivery Ring) could be repurposed since
the Tevatron collider run has concluded. Furthermore, the Mu2e Experiment requires high intensity pulses of
protons that are separated by roughly twice the muon lifetime in aluminum of 864 nanoseconds and the
circumference of the antiproton source is 1,694 nanoseconds, which means that as the protons are traversing the
antiproton rings they can be appropriately bunched and prepared for slow-extraction to the detector in a
straightforward manner. Additionally, the Fermilab scheme that has. been developed would result in a high
enough duty factor for the delivery of the proton beam, thus reducing instantaneous rates in the detector and
minimizing backgrounds to the signal, which makes it superior from a scientific perspective to the above
mentioned alternatives.

A short beamline from the antiproton source to the Mu2e Detector and a new Detector Hall/Enclosure would have
to be constructed; however, modifications to the existing Fermilab accelerator complex, to accommodate the
Mu2e Experiment, would be modest and would capitalize on the existing DOE investment. Additionally, most, if
not all, of the magnets required for the new beamline could be recycled from decommissioned transfer lines
associated with the Tevatron collider, thereby making efficient use of existing equipment.

In addition, a second anticipated muon experiment, g-2, proposes to use the Fermilab accelerator complex in a
similar way to Mu2e and the substantial overlap between the two experiments would allow for a world class Muon
Program at Fermilab that would cost considerably less than that of executing the two experiments independently.

In conclusion, Fermilab’s scientific and technical expertise, an existing accelerator facility capable of delivering
beam that is essential for the desired science, the cost savings realized from the efficient reuse of equipment and
infrastructure, and the synergy with the g-2 experiment preclude an alternative site for the Muon Campus and the
Mu2e Experiment in particular.

Alternative Locations on the Fermilab Site

The location of the Mu2e facility just north of the Antiproton source near Kautz Road is dictated by the required
length of the external beamline and the location of an existing beamline stub that connects to the Antiproton
source. No alternate location on the Fermilab site was therefore viable.

The ‘No Action’ alternative would not meet the above stated purpose and need.
Il. Description of the Affected Environment

The proposed location on the Fermilab site of the Muon Campus (see Figure 1 and 2 in Appendix A) was selected
due to the needs of the Mu2e Experiment and the anticipated future g-2 Experiment. The Fermilab location for
the Mu2e Experiment was dictated by the programmatic requirement for extraction of a proton beam from the
existing Antiproton Facility (Antiproton Debuncher/Delivery Ring for Muon Experiments). The proposed Muon
Campus area would occur southwest of Wilson Hall/Enclosure and would be bounded by the Antiproton Facility,
Giese Road, Indian Creek, and South Booster Road and bisected by Kautz Road, which would need to be
rerouted. The area is previously disturbed upland comprised of gravel parking area, upland fields, and woodland.
No regulated wetlands would be impacted by the proposed action and the small, degraded wetlands that would
be impacted have minimal wetland function and value. Potential indirect impacts to adjacent regulated wetlands
from erosion and sedimentation would be mitigated through the development and implementation during
construction of a detailed Storm Water Pollution Prevention Plan and an Erosion Control Plan. There would be no
construction in the 100-year floodplain.

The Muon Campus proposed MC Beamline Enclosure (also referred to as the Mu2e External Beamline) would be
a 10 foot wide by 8 foot high concrete enclosure approximately 700 feet long, running underground from the
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existing Antiproton Debuncher/Delivery Ring Enclosure to a proposed Mu2e Detector Enclosure that would be a
below grade concrete structure of approximately 15,000 square feet that would be 25 feet deep.

Construction of the Mu2e Detector Hall/Enclosure would involve excavation of previously disturbed land to
provide an underground enclosure to house the Mu2e Detector. An estimated 30,000 cubic yards of soil would be
excavated for the Mu2e Detector Enclosure and 20,000 cubic yards for the External Beamline. Spoils from
excavation would be placed in a temporary pile at the construction site until the construction is complete and then
used for backfill, soil shielding, and piled along the length of the underground Mu2e External Beamline enclosure
to provide a 16 foot berm for the beamline. Any remaining spoils would be placed on one of the onsite stockpiles
or disposed off-site. The placement of the new facilities would necessitate relocation of approximately 1000 feet
of the existing Kautz Road to the west by a maximum of approximately 250 feet. Diversion of Kautz Road would
involve excavation of approximately 36,000 cubic yards and surface grading in an area of previously disturbed
land. A building would also be constructed on the surface directly above the enclosure and utilities would be
routed from nearby locations to the new Detector Hall/Enclosure. All construction and debris waste would be
disposed of by Fermilab and appropriate material would be sent to a recycling vendor. .

Utilities would be run from several locations through previously disturbed soil as follows:

e 13.8 kV power would be run approximately 500 feet to the Mu2e Detector Hall/Enclosure from the MC-1
Building area. Power to the Muon Campus would be extended from the loop that currently circles the
Antiproton Area (Debuncher/Delivery Ring).

* Low Conductivity Water (LCW), Chilled Water (CW) and Sanitary Sewer (SS) would be run approximately 600
feet to the Mu2e Detector Hall/Enclosure from the Central Utility Building. Some of the Low Conductivity
piping corridor between the Central Utility Building (CUB) and the Antiproton Area would be replaced. LCW to
the MC-1 Building and the Mu2e Facility would be through the new beamline enclosure. The existing lift
station at the Antiproton Area (Debuncher/Delivery Ring) would be removed and connecting piping to the
existing tie-ins would be reconnected to a new sanitary lift station installed at the MC-1 Building. The Mu2e
Facility would tie into this new lift station.

® Industrial Cooling Water (ICW), Drinking Water System (DWS), and natural gas (NG) would be run
approximately 150 feet each from the existing corridor along relocated Kautz Road. The relocation of Kautz
Road would also repositions the ICW, DWS and NG.

Construction of the Mu2e Detector would take place at various locations around Fermilab, at collaborating
institutions and in industry in the US and possibly abroad. Final assembly and installation of the detector would
take place at Fermilab but would not involve any digging, trenching, demolishing or conventional construction.

The Mu2e beam intensity in the Antiproton Facility (Debuncher/Delivery Ring) would increase from that of the
previous Tevatron collider program in which between 4E12 and 5E12 antiprotons passed through the Antiproton
complex every day. For Mu2e operations there would be approximately 4E12 protons ‘contained in every Booster
batch and approximately 130,000 Booster batches would pass through the Antiproton complex every day, which
corresponds to & beam power of about 8 kW. In comparison, the total beam power out of the Booster is 70 kW
and the NuMI beam power in the NOvA era would be 700 kW (see NovA Environmental Assessment/Finding of
No Significant Impact for more information).

Three service buildings, known as AP-10, AP-30 and AP-50, sit above the Antiproton Facility beamline enclosure
(See Figure 2 in Appendix A). The shielding between the top of the beamline enclosure and the floor of the
service buildings was sufficient during Tevatron collider operations; however, the shielding in the three service
buildings would need to be upgraded for Mu2e operations at a beam power of 8 kW. The deployment of a
network of Total Loss Monitors (TLMs) would minimize beam losses and local shielding of known loss points in
the beamline enclosure would be implemented. Additionally, the beam current can also be turned down until the
losses fall well below the DOE regulatory limits. This is similar to the strategy currently employed in the Fermilab
Booster, a more complex machine that runs at substantially higher beam currents.

The 8 GeV proton beam would strike a production target located inside the Production Solenoid. This area would
be similar to a target vault for a typical fixed target experiment at Fermilab. The layout in this area is shown in
Figure 5 of Appendix A. A map of the residual activation levels in this area that results from the interaction of the
proton beam with the production target is shown in Figure 8 of Appendix A. The activation level at the outside
surface of the iron yoke surrounding the Production Solenoid is a few mSv/hour. Simulations of Mu2e beamline
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operations indicate that ground water activation would be a factor of 10 to 100 times below the regulatory limits
and therefore in a range typical to Fermilab experiments. Tritium and other short-lived radionuclides are
produced as a normal by-product of beamline operations. The airborne radionuclides produced by the Mu2e
beam would be released into the atmosphere through a vent stack to the surface; however, these emissions
would be limited by minimizing the ventilation of the area during beam operations. Ventilation would be
maximized for personnel access, but only after allowing sufficient time for decay of radionuclides after beam
shutdown. The air from the ventilation system would be monitored for radionuclide emissions. The expected
dose rate at the site boundary due to Mu2e operations would be an order of magnitude lower than the dose rate
due to operation of the NuMI facility for NOVA, which is well below the regulatory limit.

The heat shield that would protect the Production Solenoid from particles produced in the production target would
be cooled by a closed loop water system. The water would become radioactive over time. Tritium, 7Be and
activated corrosion products are the only radioisotopes that would survive for any substantial duration as the
others would decay away on the timescale of a few hours. Most of the 7Be would be trapped in de-ionization
bottles. The water would be monitored and replaced at appropriate intervals.

Residual magnetic fields would be present in the detector enclosure when the superconducting solenoids are
powered. The magnetic field immediately outside the Transport Solenoid is estimated to be about 5 kG, falling off
to about 1 kG at a distance of 100 centimeter. Access would be restricted within a few meters of the solenoids
when they are powered and warnings would be posted for people with pacemakers.

Components of the Mu2e Detector would be procured, fabricated and tested at existing facilities at Fermilab,
other collaborating institutions and in industry. The main component of the detector is a series of large
superconducting solenoids operating at liquid helium temperatures. Particle physics detectors, including drift
chambers, scintillating crystals and plastic scintillator would be installed inside and around the outside of one of
the solenoids. Liquid helium and liquid nitrogen would be used to maintain the operating temperature of the
solenoids. In their natural state, helium and nitrogen are gasses that can displace oxygen and would pose an
oxygen deficiency hazard and a freezing hazard in the event of a major leak in the detector hall/enclosure.
However, Fermilab has extensive experience with similar systems and appropriate safety measures, based on
that experience, would be incorporated into the design and planning of this new experiment.

MC-1 Building

The proposed site has been examined and is not in any wetlands, defined flood plain or other protected area. It
would involve excavation that would create temporary spoils to be stored adjacent to the project site; spoils not
used as backfill would be disposed on site and erosion control measures would be implemented during
construction. All construction waste and debris would be properly managed by Fermilab and appropriate
materials would be sent to a recycling vendor.

lil. Potential Environmental Effects (Comments/clarification provided for each checked
item in Section IV.)

A. Sensitive Resources: Would the proposed action result in changes and/or disturbances to any of the
following resources?

[ Threatened or endangered species
[J Other protected species

Wetland/Floodplains

[CJ Archaeological or historical resources

[ Non-attainment areas for Ambient Air Quality Standards

B. Regulated Substances/Activities: Would the proposed action involve any of the following regulated
substances or activities?

X

Clearing or Excavation

[XI Demolition or decommissioning
Asbestos removal

PCBs

Chemical use or storage

<

(W
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Air emissions
Liquid effluents
(J Underground storage tanks
Hazardous or other regulated waste (including radioactive or mixed)
Xl Radioactive exposures or radioactive emissions
O Radioactivation of soil or groundwater

[ Pesticides
X

X

(X

C. Other relevant Disclosures

] Threatened violation of ES&H permit requirements

| Siting/construction/major modification of waste recovery or TSD facilities
[] Disturbance of pre-existing contamination

New or modified permits

[J Public controversy Pl

] Action/involvement of another federal agenc

] Public utilities/services

O Depletion of a non-renewable resource

N/

IV. Comments on checked items in section IIl.

Wetland/Floodplains

No regulated wetlands would be impacted under the proposed action and the small area of degraded wetlands,
which would be impacted, has minimal wetland function or value. Potential indirect impacts to adjacent regulated
wetlands from erosion and sedimentation would be mitigated through the implementation during construction
activities of a detailed Storm Water Pollution Prevention Plan and an Erosion Control Plan. There would be no
construction in the 100-year floodplain.

Planning Resources Inc. performed a delineation of wetlands for the area of the proposed Muon Campus site.
The wetland delineation was conducted in accordance with the ‘Interim Regional Supplement to the Corps of
Engineers Wetland Delineation Manual: Midwest Region (COE 2008)’ and the wetland delineation and reporting
guidance provided by the Chicago District Corps of Engineers on April 13, 2010. The Corps of Engineers
reviewed the results of the wetlands study and determined that these low quality wetlands are exempt from their
permit program; therefore, a Department of the Army permit under Section 404 of the Clean Water Act is not
required and impacts would not constitute an extraordinary circumstance.

Clearing and Excavation

Clearing and excavation would be necessary for this project. It is anticipated that there would be approximately
36,000 cubic yards excavated for the diversion of Kautz Road; 30,000 cubic yards of soil excavated for the Mu2e
Detector Hall/Enclosure; 20,000 cubic yards for the External Beamline; and 9000 cubic yards for the MC-1
Building. About 34,000 cubic yards of the excess soil would be stockpiled on the Fermilab site or disposed off-
site and the remainder would be used for backfill and soil shielding for the beamiline.

Demolition or Decommissioning

Concrete demolition of the antiproton ring would be required at the interface with the new external beamiine; this
interface would be approximately 10 feet by 8 feet and the waste would be placed in the soil backfill near the
source.

After the useful life of the project has ended, there would be a need for Decommissioning and Dismantling. To
the extent possible, components would be reused and materials would be evaluated for reuse and recycle.
Resultant waste materials would be managed appropriately and according to all applicable rules and regulations
for packaging, transporting, disposal, records management, and reporting.

Air Emissions

During excavation and construction of the Mu2e Detector Hall/Enclosure, the operation of construction equipment
and vehicles would be expected to introduce SO, NO,, particulates and other criteria pollutants to the
atmosphere, typical of similar sized construction projects. These are mobile sources and therefore do not require

a permit, nor would they affect the site wide operating permit. Particulates (dust) generated during earthmoving
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activities and vehicle movement over unpaved areas would be minimized by watering or other dust-control
measures.

Airborne radionuclides would also be produced by the Mu2e beam during operation of the experiment and would
be released into the atmosphere through a vent stack to the surface. Air emissions would be limited by
minimizing the ventilation of the area during beam operations. Ventilation would be maximized for personnel
access, but only after allowing sufficient time for decay after beam shutdown. Air from the ventilation system
would be monitored for radionuclide emissions. The dose rate at the site boundary due to Mu2e operations would
be an order of magnitude lower than the dose rate due to operation of the NuMI facility or NOVA, which is well
below the regulatory limit. Any necessary modifications to the Fermilab Lifetime Operating Permit (issued by the
IEPA Air Bureau) would be obtained prior to beginning work.

Liquid Effluents

Liquid effluents would result from pumping groundwater that seeps into the underground portions of the Mu2e
external beamline and experimental hall/enclosure to the surface ponds at Fermilab. The ponds may discharge to
streams that flow offsite. The resulting concentration of radionuclides would be a factor of 500-1000 times below
the regulatory limits.

Roof and parking lot drains would empty into storm water drainage systems and all other liquid effluents would be
discharged to the sanitary sewer system. Work planning, experimental review, and safety inspections are the
three methods for ensuring that hazardous effluents do not enter the sanitary waste stream.

Hazardous or other regulated waste (including radioactive or mixed)

Beamline elements and detector components may become activated during operation of the Mu2e experiment. A
cool down period would be required before decommissioning could begin. All commonly reused valuable
equipment such as magnets would be stored. Small amounts of lead, in the form of thin sheets, may be used as
part of the calorimeter system and these sheets may become mildly activated and would have to be disposed of
as mixed waste.

Radioactive Exposures or Emissions

Airborne radionuclides would be produced by the Mu2e beam and would be released into the atmosphere through
a vent stack to the surface. Emissions would be limited by minimizing the ventilation of the area during beam
operations. Ventilation is maximized for personnel access, but only after allowing sufficient time for decay after
beam shutdown. Air from the ventilation system would be monitored for radionuclide emissions. The dose rate at
the site boundary due to Mu2e operations would be an order of magnitude lower than the dose rate due to
operation of the NuMI facility for NOVA, which is well below the regulatory limit. This may require modification of
existing permits.

The 8 GeV proton beam would strike a production target located inside one of the superconducting solenoids.
This area would be similar to a target vault for a typical fixed target experiment at Fermilab. The layout in this
area is shown in Figure 5 of Appendix A. A map of the residual activation levels in this area that results from the
interaction of the proton beam with the production target is shown in Figure 8 of Appendix A. The activation level
at the outside surface of the concrete shielding surrounding the Production Solenoid is a few mSv/hour.
Simulations of Mu2e beamline operations indicate that ground water activation would be a factor of 10 to 100
times below the regulatory limits and therefore in a range typical to Fermilab experiments.

A safety assessment document (SAD) module would be developed that would address radiation exposures to
workers and members of the public due to the operation of Mu2e. The SAD would also address the potential
radioactive emissions due to the proposed project. Personnel and public exposures would remain well below
regulatory limits (Fermilab designs facilities for potential exposures of 10 mrem per year, while the regulatory limit
is 100 mrem per year to the public per DOE Orders 458.1) and within guidelines of the Fermilab Radiological
Control Manual including the control of occupational radiation exposures during maintenance activities.
Radionuclide emissions would be monitored and reported in accordance with existing practices and regulatory
requirements. Cumulative air emissions are expected to remain substantially below the National Emission
Standards for Hazardous Air Pollutants (NESHAPs) threshold for continuous monitoring and far below the
regulatory limit for effective dose to members of the public.

New or Modified Permits
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All work activities would be evaluated to determine the necessity of permits and these would be obtained prior to
construction. Specifically, expected radionuclide emissions would be evaluated to determine the necessity of a
change to the site wide air operating permit.

Additional Information

The proposed Muon Campus is not in the vicinity of any cultural resources previously identified in the Fermilab
Cultural Resources Management ‘Plan. If any unexpected potential archaeological/historical/cultural resources
are encountered, work would be stopped and the resource would be evaluated as per legal requirement.

The project would incorporate sustainable design principles into all phases of planning, design, and construction
and follow Leadership in Energy and Environmental Design (LEED) guiding principles, however, because the
facilities would not be occupied on a regular basis, LEED-Gold certification is not appropriate and would not be
pursued.

V. NEPA Recommendation

Fermilab staff have reviewed this proposed action and concluded that the appropriate level of NEPA
determination is a Categorical Exclusion. The conclusion is based on the proposed action meeting the
categorical exclusion descriptions found in DOE’s NEPA Implementation Procedures, 10 CFR 1021, Subpart D,
Appendix B1.15 and B3.10, and that no extraordinary circumstances are anticipated.

B1.15 states the following: Siting, construction or modification, and operation of support buildings and support
structures (including, but not limited to, trailers and prefabricated and modular buildings) within or contiguous to
an already developed area (where active utilities and currently used roads are readily accessible). Covered
support buildings and structures include, but are not limited to, those for office purposes; parking; cafeteria
services; education and training; visitor reception; computer and data processing services; health services or
recreation activities; routine maintenance activities; storage of supplies and equipment for administrative services
and routine maintenance activities; security (such as security posts); fire protection; small-scale fabrication (such
as machine shop activities), assembly, and testing of non-nuclear equipment or components; and similar support
purposes, but exclude facilities for nuclear weapons activities and waste storage activities, such as activities
covered in B1.10, B1.29, B1.35, B2.6, B6.2, B6.4, B6.5, B6.6, and B6.10 of this appendix.

B3.10 states the following: Siting, construction, modification, operation, and decommissioning of particle
accelerators, including electron beam accelerators, with primary beam energy less than approximately 100 million
electron volts (MeV) and average beam power less than approximately 250 kilowatts (kW), and associated
beamlines, storage rings, colliders, and detectors, for research and medical purposes (such as proton therapy),
and isotope production, within or contiguous to a previously disturbed or developed area (where active utilities
and currently used roads are readily accessible), or internal modification of any accelerator facility regardless of
energy, that does not increase primary beam energy or current. In cases where the beam energy exceeds 100
MeV, the average beam power must be less than 250 kW, so as not to exceed an average current of 2.5
miliamperes (mA).

VI. DOE/CH-FSO NEPA Coordinator Review

Concurrence with the recommendation for determination:

U.S. DOE Fermi Site Office (FSO) MaW}/
Signature ___ A w,’éd‘l

Date Zf//?_/ZDIZ

U.S. DOE FSO NEPA Coordinator Reviewer: Rick Hersemann

Signature

Date ¢/7 // Z—
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APPENDIX A - Figures

Fiéure 1 The proposed Muon Campus is included in the red circle, superimposed on the Fermilab site.

Figure 2 The Fermilab Muon Campus including the Mu2e Facility, the MC-1 Building, the Muon Campus
Beamline berm, and the former Antiproton Facility Buildings (AP-30, AP-10, and AP-50) ]

b SN, R L

Muon Campus
Beamline

il

i :_ s ,-f}_l :’__ ".; e
AP—BO L

NEPA EENF for the Fermilab Muon Campus Program
Page 12 of 16



Figure 3 The components of the Fermilab accelerator complex that would be used to acquire protons for

the Mu2e experiment. The proton beam path from Booster to Recycler is shown in yellow; the beam
path in the Recycler is in red; the beam path from Recycler to Delivery Ring (otherwise called the
Antiproton Debuncher Ring) is in blue; and the beam path from Delivery Ring to Mu2e target is in green.
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Figure 4 The path of protons from the Fermilab Booster (round figure at the forefront of the photo) to the
Mu2e Detector
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Figure 6 Depiction of the above-grade portion of the Mu2e Facility
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Figure 8 Residual activation expected in the area around the Mu2e Production Solenoid. At the surface of
the surrounding walis and the peak residual activation is a few mSv/hour
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High Performance Sustainable Buildings
Compliance Summary Checklist for New Construction

Building Name: MC Beamline Enclosures

This field will populate as the Guiding Principles
are marked complete and documented.

% Guiding Principles Complete

------------- > 0
Federal Real Property ID:  not yet assigned 61 : 8 /0
* For a detailed explanation of each Guiding Principle and required actions please refer to the corresponding Compliance Tab.
. . : . Suggested Compliance .
Guiding Principle Action Required Yes/No 99 P On File? Notes

Verification Documents

1. Employ Integrated Design

Principles

Integrated design

Use a collaborative, integrated planning and
design process that:

Initiates and maintains an integrated project
team as described on the Whole Building
Design Guide in all stages of a project's

Complete the Building Information
Tab or equivalent document, e.g., a

Team Roster list to be identified by

planning and delivery, team roster. Follow the DOE. O. Project Manager.
http://mwww.wbdg.org/design/engage_process. 430.2B and 450 1A.
php
Provide documentation and use this
, . checklist or equivalent (USGBC
Integrates the use of OMB's A-11, Section 7, LEED) to demonstrate incorporation.

Exhibit 300: Capital Asset Plan and Business
Case Summary

The establishment of 413.3A, 430.2B
and 450.1A meet the goal setting
requirement.

DOE 413.3A

Establishes performance goals for siting,
energy, water, materials and indoor
environmental quality along with other
comprehensive design goals and ensures
incorporation of these goals throughout the
design and lifecycle of the building

The establishment of 430.2B and
450.1A meet the goal setting
requirement. Use this checklist or
equivalent (USGBC LEED) to
demonstrate incorporation.

Goals and schedules are set forth in
the DOE SSPP and the Fermilab
Annual SSP

Considers all stages of the building's
lifecycle, including deconstruction.

The establishment of 430.2B and
450.1A meet the goal setting
requirement. Use this checklist or
equivalent (USGBC LEED) to
demonstrate incorporation.

DOE Order 413.3A

HPSB Assessment and Compliance tool for New Construction
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Guiding Principle

Action Required

Yes/No

Suggested Compliance
Verification Documents

On File?

Notes

Commissioning

Employ commissioning practices tailored to
the size and complexity of the building and its
system components in order to verify
performance of building components and
systems and help ensure that design
requirements are met. This should include an
experienced commissioning provider,
inclusion of commissioning requirements in
construction documents, a commissioning
plan, verification of the installation and
performance of systems to be commissioned,
and a commissioning report.

Provide a commissioning plan. In-
house experienced personnel or
team acceptable. (may provide
compliance for GP IV. Enhance
Indoor Environmental Quality:
Moisture Control.)

This is to be evaluated in the design
stage. At a minimum, building-energy-
related items (HVAC, lighting control)
will be go thru the fundamental
commissioning

2. Optimize Energy Performance

Energy Efficiency

Establish a whole building performance
target that takes into account the intended
use, occupancy, operations, plug loads, other
energy demands, and design to earn the
ENERGY STAR® targets for new
construction and major renovation where
applicable. For new construction, reduce the
energy use by 30 percent compared to the
baseline building performance rating per the
American National Standards Institute
(ANSI)/American Society of Heating,
Refrigerating and Air-Conditioning Engineers,
Inc., (ASHRAE)/llluminating Engineering
Society of North America (IESNA) Standard
90.1-2007, Energy Standard for Buildings
Except Low-Rise Residential. For major
renovations, reduce the energy use by 20
percent below pre-renovations 2003
baseline. Laboratory spaces may use the
Labs21 Laboratory Modeling Guidelines.

Have a licensed engineer or architect
provide documents that identify that
the energy use targets were achieved
or provide USGBC LEED submittal
documentation also stating that the
goals were achieved.

At this point, it is unclear whether an
Energy model is appropriate for this
type of project . This will be explored
further before design stage.

Use ENERGY STAR® and FEMP-designated
Energy Efficient Products, where available?

Provide standard purchasing
policy/policies, constructions
specifications, or retain proof of
purchase.

Required by FL-1 and other FL's. The
Project manager and the design
coordinator will ensure that this
language will be incorporated into
specifications to get the requirements
to those actually doing the work.
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Guiding Principle

Action Required

Yes/No

Suggested Compliance
Verification Documents

On File?

Notes

On-Site Renewable Energy

Per the Energy Independence and Security
Act (EISA) Section 523, meet at least 30% of
the hot water demand through the installation
of solar hot water heaters, when lifecycle cost
effective.

Implement on-site solar hot water
heating and retain design specs,
statement of work, or photos, etc. If
not lifecycle cost effective provide
justification.

Based on calculations done for the
CMTF project, Solar water heating
option is at least twice as expensive on
a LCC basis than the gas alternative.

Per Executive Order 13423, implement
renewable energy generation projects on
agency property for agency use, when
lifecycle cost effective.

Any of the following or equivalent:
design specs, statement of work,
photos, etc. If not lifecycle cost
effective provide justification.

Fermilab has installed several PV
generating sources in remote locations
where supplying conventional power

would be very expensive. A study done
in 2008 by NREL suggests that larger
PV and/or wind generating projects are
not cost effective for Fermilab where
conventional power is available due to
insufficient available resources (wind,
sun) coupled with low electrical energy
prices.

Measurement and Verification

Per the Energy Policy Act of 2005 (EPAct)
Section 103, install building level electricity
meters in new major construction and
renovation projects to track and continuously
optimize performance.

Retain statement of work, billing
records, photos, etc and/or provide
ENERGY STAR® label certification if
applicable.

Where applicable. electric meter(s) will
be installed and connected via

U Metasys or other tracking means. The
project design coordinator will ensure
that this will be noted on

Per EISA Section 434, include equivalent
meters for natural gas and steam, where
natural gas and steam are used.

Retain statement of work, billing
records, photos, etc and/or provide
ENERGY STAR® label certification if
applicable.

Where applicable, natural gas meter
O will be installed and connected via
Metasys or other tracking means. The
design coordinated will coordinate this
in the bid/construction documents.

Benchmarking

Compare actual performance data from the
first year of operation with the energy design
target, preferably by using ENERGY STAR®
Portfolio Manager for building and space
types covered by ENERGY STAR®. Verify
that the building performance meets or
exceeds the design target, or that actual
energy use is within 10% of the design
energy budget for all other building types. For
other building and space types, use an
equivalent benchmarking tool such as the
Labs21 benchmarking tool for laboratory
buildings.

Use ENERGY STAR's Portfolio
Manager or Labs 21 database to
enter annual performance data and
print out the Statement of Energy
Performance on an annual basis to
track performance over time.

After building construction, Fermilab
representative (TBD) will enter
relevant data into Energy Star Portfolio
Manager, including data from all
meters.

3. Protect and Conserve Water

HPSB Assessment and Compliance tool for New Construction
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Guiding Principle

Action Required

Yes/No

Suggested Compliance
Verification Documents

On File?

Notes

Indoor Water

Employ strategies that in aggregate use a
minimum of 20 percent less potable water
than the indoor water use baseline calculated

Use Watergy, the LEED® water
calculator, or equivalent modeling to
establish baseline usage and

There are no bathroom fixtures in this
project so N/A

Outdoor Water

for the building, after meeting the EPAct calculated savings or provide
1992, Uniform Plumbing Codes 2006, and documentation based on
the International Plumbing Codes 2006 metering/bills.
fixture performance requirements.
The installation of water meters is Install water meter(s) and provide There are no bathroom fixtures in this
encouraged to allow for the management of . P project so N/A
. documentation.
water use during occupancy.
ICW water is used for non-potable
The use of harvest_ed rainvyater, treated Document use of harvested applications apd it is primarily
wastewater, and air _condltloner condensate rainwater, treated wastewater, and air harvested ramwater anyway.
should also be considered and used where conditioner condensate as Documented via FESS Operations
feasible for nonpotable use and potable use applicable Procedure for Surface Water
where allowed. ' Management 5410.0
Retain documentation from design Recent memo from FESS Head to
tools. such as the LEED® water Roads and Grounds established the
calculator or other water tools to policy of not using any potgble water
provide a statement on how water for these uses. Also can cite
Use water efficient landscape and irrigation usage was reduced and calculated, extensive use of native vegetation to
strategies, such as water reuse, recycling, or document minimal use of irrigation conserve water for landscaping use.
and the use of harvested rainwater, to reduce water due to nominal or no
outdoor potable water consumption by a landscape.
minimum of 50 percent over that consumed Choose irrigation contractors who are
by conventional means (plant species and certified through a WaterSense
plant densities). labeled program and document
outdoor potable water consumption
reduction. (May provide compliance
for GP lIl. Protect and Conserve
Water: Water-Efficient Products)
The installation of water meters for locations . Not applicable since we use no
I . Document Installation and use of
with significant outdoor water use is potable water.
outdoor water meters.
encouraged.
. . . Based on Option 1 in the U.S. EPA
Employ design and construction strategies hnical Gui ¢ .
that reduce storm water runoff and Technical Guidance for EISA section
. . . 438, we can show that we meet the
discharges of polluted water offsite. Per EISA Provide documents that demonstrate goal of this element
Section 438, to the maximum extent strategy implemented to reduce ’
storm water runoff and maintain or

technically feasible, maintain or restore the
predevelopment hydrology of the site with
regard to temperature, rate, volume, and
duration of flow using site planning, design,
construction, and maintenance strategies.

restore predevelopment hydrology of
the site.

HPSB Assessment and Compliance tool for New Construction
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Guiding Principle

Action Required

Yes/No

Suggested Compliance
Verification Documents

Process Water

Per the Energy Policy Act of 2005 Section
109, when potable water is used to improve a
building’s energy efficiency, deploy lifecycle
cost effective water conservation measures.

Document water conservation
strategy in process systems.
Documentation may be provided by
licensed engineer, water utility or
through an energy service provider.
Guiding principle is met if no potable
water is used.

Water Efficient Products

Specify EPA’s WaterSense-labeled products
or other water conserving products, where
available.

Choose irrigation contractors who are
certified through a WaterSense labeled
program.

Any of the following or equivalent:
purchasing or design specifications,
statement of work, receipts, etc.

4. Enhance Indoor Environmental Quality

Ventilation and Thermal

Comfort

Meet ASHRAE Standard 55-2004, Thermal
Environmental Conditions for Human
Occupancy, including continuous humidity
control within established ranges per climate
zone AND

ASHRAE Standard 62.1-2007, Ventilation for
Acceptable Indoor Air Quality.

Document compliance with ASHRAE
Standards by licensed architect or
engineer or achieve an ENERGY
STAR Label Certification

Moisture Control

Establish and implement a moisture control
strategy for controlling moisture flows and
condensation to prevent building damage,
minimize mold contamination, and reduce
health risks related to moisture.

Document inspection-driven moisture
prevention strategy that is part of
building commissioning plan that
specifies maintenance of the roof
drainage and the foundation system,
or document that your building does
not have a moisture problem.

Daylighting

Achieve a minimum daylight factor of 2
percent (excluding all direct sunlight
penetration) in 75 percent of all space
occupied for critical visual tasks.

Document through computer
simulation or by light measurement.

Provide automatic dimming controls or
accessible manual lighting controls, and

appropriate glare control.

Document that individual lighting
control is available for the occupants
by schematic of floor layout, showing
locations of manual lighting controls
(such as task lighting) or statement
based upon visual audit.

On File? Notes
This is not applicable to this project
There are no bathroom fixtures in this
project so N/A
NA
NA since there are no occupants
NA since there are no occupants
p
Project will evaluate this during design
(this is one of the item that still is
unclear)
[
NA since there are no occupants
NA since there are no occupants

HPSB Assessment and Compliance tool for New Construction
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Guiding Principle

Action Required

Yes/No

Suggested Compliance
Verification Documents

On File?

Notes

Low-Emitting Materials

Specify materials and products with low
pollutant emissions, including composite
wood products, adhesives, sealants, interior
paints and finishes, carpet systems, and
furnishings.

Establish contract(s), design
specifications, purchasing
specifications or solicitations with
specific language for the purchase of
low emitting materials, durable
goods, consumables and for green
cleaning.

The project will evalute this
requirement, may need to include this
in the specs

Protect Indoor Air Quality

during Construction

Follow the recommended approach of the
Sheet Metal and Air Conditioning
Contractor's National Association Indoor Air
Quality Guidelines for Occupied Buildings
under Construction, 2007. After occupancy,
continue flush-out as necessary to minimize
exposure to contaminants from new building
materials. After construction and prior to

occupancy, conduct a minimum 72-hour flush

out with maximum outdoor air consistent with
achieving relative humidity no greater than 60
percent. After occupancy, continue flush-out
as necessary to minimize exposure to
contaminants from new building materials.

Before major renovations, develop

and implement an indoor air quality
management plan, specification or

guidelines. May use USGBC LEED
reference documentation.

Include in the spec as part of Division
1 spec. We will require the contractor
to submit their IAQ plan with flushout

Tobacco Smoke Control

Implement a policy indicating that smoking is
prohibited within the building and within 25
feet of all building entrances, operable
windows, and building ventilation intakes
during building occupancy. Post signage
indicating that smoking is prohibited within
the building and within 25 feet of all building
entrances, operable windows, and building
ventilation intakes during building occupancy.

Establish environmental tobacco
smoke control policy or equivalent.
Policy may be for entire site, PSO or
for Agency.

Director's policy #25

HPSB Assessment and Compliance tool for New Construction
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Guiding Principle

Action Required

Yes/No

Suggested Compliance
Verification Documents

On File?

Notes

5. Reduce Environmental Impact of Materials

Per Section 6002 of the Resource
Conservation and Recovery Act (RCRA), for
EPA-designated products, specify products
meeting or exceeding EPA's recycled content
recommendations. For other products,
specify materials with recycled content when
practicable. If EPA-designated products meet
performance requirements and are available

Incorporate the FAR requirements for
the purchase of EPA-designated
products into contracts, bid
solicitations and purchasing
specifications and use products

We would cite FESHM 5011 on
"Sustainable Acquisition”, and this
language would also be included in
Exhibit A in the bid documents. A new
FL-300 that would address it as well. It
is unclear if this is applicable to this
project, the project will evaluate this
further during design

Recycled Content at a reasonable cost, a preference for meeting or exceeding EPA's recycled ]
purchasing them shall be included in all content recommendations. Provide
solicitations relevant to construction, construction, purchasing o.r bid
operation, maintenance of or use in the S ecificationé and/or affirmative
building. EPA’s recycled content product P ’
designations and recycled content procurement report.
recommendations are available on EPA’s
Comprehensive Procurement Guideline web
site at <www.epa.gov/cpg>.
Per Section 6002 of the Resource Y;Eg;ﬁgb?;tiggj:gggp1alngr;his
Conserva_ltion and Recovery Act_(RCRA), for language would also be i}lcluded in
szgt-iizscl)grnei?Se%riﬁgulgltDSA'Ss pgz;%lz:joggﬁint Incorporate the FAR requirgments for Exhibit A in the bid documents. A new
recommendations. For other products the purch_ase of USDA-designated FL-3OO tha_lt W(_)u_ld addr_ess it as ngl. It
specify materials with recycled conten,t when products into c_ontracts and use is u_nclear if th|§ is ap_phcable to th|_s
practicable. If EPA-designated products meet produclts r_neetmg or exceeding project, thg prOJec_t will evaluate this
performance requirements and are available USDA's bIOba.SEd content_ . further during design

Biobased Content at a reasonable cost, a preference for rgcommendatlons. In addition, use O

- biobased products made from rapidly

purchasing them shall be included in all
solicitations relevant to construction,
operation, maintenance of or use in the
building. EPA’s recycled content product
designations and recycled content
recommendations are available on EPA’s
Comprehensive Procurement Guideline web
site at <www.epa.gov/cpg>.

renewable resources and certified
sustainable wood products. Provide
construction, purchasing or bid
specifications, and/or affirmative
procurement report.

HPSB Assessment and Compliance tool for New Construction
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Guiding Principle

Action Required

Yes/No

Suggested Compliance
Verification Documents

On File?

Notes

Environmentally Preferable
Products

Use products that have a lesser or reduced
effect on human health and the environment
over their lifecycle when compared with
competing products or services that serve the
same purpose. A number of standards and
ecolabels are available in the marketplace to
assist specifiers in making environmentally
preferable decisions. For recommendations,
consult the Federal Green Construction
Guide for Specifiers at
<www.wbdg.org/design/greenspec.php>.

Establish purchasing contracts, bids
construction documents with
specification language for the
purchase of environmentally
preferable materials, durable goods,
cleaning supplies, and consumables.
Ensure that language is explicit and
clear regarding such considerations
as VOC limits and Green Seal
requirements.

We would cite FESHM 5011 on
"Sustainable Acquisition”, and this
language would also be included in
Exhibit A in the bid documents. A new
FL-300 that would address it as well. It
is unclear if this is applicable to this
project, the project will evaluate this
further during design

Waste and Materials
Management

Incorporate adequate space, equipment, and
transport accommodations for recycling in the
building design. During a project's planning
stage, identify local recycling and salvage
operations that could process site-related
construction and demolition materials. During
construction, recycle or salvage at least 50
percent of the non-hazardous construction,
demolition and land clearing materials,
excluding soil, where markets or onsite
recycling opportunities exist. Provide salvage,
reuse and recycling services for waste
generated from major renovations, where
markets or onsite recycling opportunities
exist.

Documentation may be in the form of
receipts, agreements or contracts
with local recycling and product
reclaiming services. Documentation
may include contract specifications
with vendors, for example, outlining
carpet recycling programs through
the manufacturer/distributer or may
include photos, or polices that
illustrate recycling initiatives for
batteries, computers, and beverage
containers. Building or site recycling
program documentation except able.

The project will include division 1
specification to have the contractor
develop, submit & implement their
waste management plan to compy with
this requirement

Ozone Depleting Compounds

Eliminate the use of ozone depleting
compounds during and after construction
where alternative environmentally preferable
products are available, consistent with either
the Montreal Protocol and Title VI of the
Clean Air Act Amendments of 1990, or
equivalent overall air quality benefits that
take into account lifecycle impacts.

Document zero use of CFC-
refrigerants (policy, equipment
specification, procurement
specification or contract) unless a
third party audit shows that a
replacement or conversion is not
economically feasible - in which case
show that a phase out plan is in
place. Do not use halons in fire
suppression. Use all alternatives
consistent with EPA's Significant New
Alternatives Policy (SNAP) regulatory
requirements.

This is already our policy. Or spec
items
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Engineering Risk Assessment

Project: MC Beamline Enclosure
Lead Engineer: T. Lackowski
Department: FESS/Engineering
Date: April 19, 2013

Score

Technology 1 - Low Risk 1

This defines the degree of technical complexity the Lead Engineer or engineering team will face in executing
the project.

1 The project will use off-the-shelf technology.

3 Engineers will purchase and modify off-the-shelf technology.

5 The project will require the development of new technology.

Environmental Impact 2 - Low to Medium Risk 2

This defines the potential level of environmental impact.
1 There will be no environmental impact.
3 The project may have some environmental impact but will not require an environmental assessment, as
determined by FESHM.

5 The project will require an environmental impact statement.

Vendor Issues 2 - Low to Medium Risk 2

This defines the degree of complexity to be expected with vendors. Complicating factors may include long-lead-
time items and issues with vendor qualification and reliability.
1 Vendors could cause minor issues.
3 Vendors could cause manageable complications.
5 Vendor issues could result in significant schedule delays or cost overruns or could otherwise jeopardize the
successful completion of the project.

Resource Availability 1 - Low Risk 1

This defines the availability of internal and external resources to plan and execute the project.
1 Resources will be readily available.
3 Resources could be somewhat restricted.
5 The difficulty of obtaining resources puts the project schedule at high risk.

Quality Requirements 1 - Low Risk 1

This determines the effort required to achieve the quality level the customer assigns to the final product.

1 The quality requirements can be met easily with existing infrastructure.
3 The quality requirements are challenging but can be met with existing infrastructure.
5 The quality requirements are beyond the capability of existing infrastructure.



Safety 1 - Low Risk 1

This defines the safety issues the project team will encounter while completing the project.
1 The project will require standard safety considerations.
3 The project will require increased diligence due to its location, the configuration of the product or the type
of work required. This includes work requiring review according to FESHM.
5 The project will require very restrictive safety considerations. This includes work requiring review and
personnel safety systems.

Manufacturing Complexity 1 - Low Risk 1

This defines the degree of complexity to be expected when combining the elements of technology, operations
and schedule in product manufacturing.

1 The manufacturing processes will be routine.

3 The project will require an existing technology that the manufacturer has not previously used.

5 The project will require new or complex manufacturing methods.

Schedule 3 - Medium Risk 3

This defines how much time the Lead Engineer or engineering team will have to complete the schedule.

1 Time will be unlimited.
3 The schedule will be somewhat constrained.
5 The subproject will be on the overall project critical path and has no schedule contingency.

Interfaces 2 - Low to Medium Risk 2

This defines the risk associated with the complexity of integrating multiple subprojects.
1 One department at Fermilab will be involved with a standalone project.
3 Project success depends upon contributions from multiple departments at Fermilab.
5 Project success depends upon contributions from multiple institutions.

Experience/Capability 2 - Low to Medium Risk 2

This defines the level of experience and capability project team members will have.
1 Only experts will participate.
3 A blend of experts and inexperienced personnel will participate.
5 Only inexperienced personnel will participate.

Regulatory Requirements 2 - Low to Medium Risk 2

This identifies the degree to which oversight by governmental or other regulatory agencies will impact the
project.

1 Regulatory agencies will have minor to no involvement.

3 The Department of Energy, DOE, will have direct regulatory involvement.

5 DOE, as well as state or federal government, will have regulatory involvement.

Project Funding 1 - Low Risk 1

This defines the availability and approval status of project planning and execution funds.



1 Asingle source within Fermilab will fund the project.
3 A source outside of Fermilab will fund the project.
5 Multiple sources outside of Fermilab will fund the project.

Project Reporting Requirements 3 - Medium Risk

This indicates the level of reporting to the senior management the project requires.
1 Reports to senior management about the project will not be required.
3 The project will require quarterly performance reports.
5 The project will be highly visible. Top management or outside agencies will schedule visits and issue

monthly performance reports.

Public Impact 1 - Low Risk

This indicates how much the project will affect the public or public opinion.
1 The public will not be affected.
3 The public may be somewhat affected and should be informed with news releases.
5 The project may have an impact on the public. The public should be involved through public forums and
may participate in advisory councils.

Project Cost 5 - High Risk

This defines how much the project is projected to cost.
1 The project will be within the department operating budget.
3 The project will require divisional budget planning.
5 The project will require laboratory or DOE budget tracking and reporting.



Engineering Risk Assessment

Project: MC Beamline Enclosure
Lead Engineer: T. Lackowski
Department: FESS/Engineering
Date: April 19, 2013
Engineering Risk Element High

Chapter A B C D E F G Risk Subtotal | Assessment
1 Requirements and Specifications 1 2 1 > 10 4 Standard Risk
3 Requirements and Specification Review 1 2 1 1 1 216 6 Standard Risk
4 System Design 1 2 2 1 1 1 > 19 8 Standard Risk
5 Engineering Design Review 1 2 2 1 1 1 219 8 Standard Risk
6 Procurement and Implementation 2 1 1 1 1 > 16 6 Standard Risk
7 Testing and Validation 1 1 1 1 213 4 Standard Risk
8 Release to Operations 1 24 1 Standard Risk
9 Final Documentation 2 1 >7 3 Standard Risk

Project Risk Element High
H | J K L M| N 0 Risk Subtotal | Assessment
3 2 2 2 1 3 1 5 > 25 19 High Risk
Engineering Risk Elements Project Risk Elements
A Technology H Schedule
B Environmental Impact | Interfaces
C Vendor Issues ] Experience / Capability
D Resource Availability K Regulatory Requirements
E Safety L Project Funding
F  Quality Requirements M Project Reporting Requirements
G Manufacturing Complexity N Public Impact
O Project Cost




. This chapter presents estimates of 50-year maintenance cost profiles for 74 models. Each two-page
profile includes a description of the model, a list of major componenits, and forecasts of maintenance and
repair (M&R) costs at various levels of aggregation. The profile estimates were made with the Whitestone '
MARS Facility Cost Forecast System, calibrated for the Washington, D.C. area. The profiles can be
adjusted for other areas using the Local Maintenance Cost Index shown in Chapter 3, and modified to
include different components shown in Chapter 5.

Model

Electrical Power, Backup
Guard House

Central Plant, Boller
Efectrical Power, Substation
Data Center, Tier 1l
Central Plant, Chilled Water
Pumyp Housa

Central Plant, Steam
Laboratory, Agriculiural
Restauranl, Fast Food
Laboratory, Elecironics
Laboratory, Life Scienca
CarWash

Apartments, 1-3 Story
Garage, Sarvice Station
Natatorium

Restavrant

Laberatory, General
Apartments, 4-7 Story
Bank, Branch

Public Restroom

Matel, 40 Units

Fire Station

Laundry, Self-Service
Greenhouse, Research
Motel, 18 Units
Warehouse, HAZMAT
Clubhouse, Golf

Catatera

College Gonrnitary, 50 Roomn
Stere, Convenience
Religious Education
TFelecom Central Office
Hospital, Research
Hospital, Generat

College Student Union
Movle Theater

Visitor Contor

Medical Clinic

Religicus Assembly
Community Center

Store, Retall

Passenger Tenminal
Apartments, 24 Story
College Auditerium

Caurt House

Municipal Building

Health Club wiGymnasium
Mortuary

Post Offico

Club, Social

Skating Rink

DCay Care Center

Bowling Center
Manufaciuring Piant, Process
Public Library, 3 Story
Jail, County

Maintanance Shop
Qutdoor Paal

Caollege Leclure Classrooms
Warehouse, Temperatura Gontrolled
Elementary School
Warchouse, Self-storage
Offica Building. 2 Story
Auto Salesroom
Manufacluring Plant, Light
Alrcraft Hangar
Supermarkal

Office Building, 15 Story
Manuf: Plant, inery
Office Park,

Store, Department
Warehouse, Dry

Garage. Parking

GSFT

240
100
1,100
220
25,000
9,175
195
43,500
27.000
4,000
30,200
27,400
800
22,500
1,400
10,280
10,000
56,000
60,000
4,100
500
18,000
6,000
3,000
2,100
8,000
3,680
6,000
21,500
25,000
4,000
10,000
5,000
540,200
125,000
25,000
10,000
20,700
13,000
17.000
10,000
8,000
12,000
220,000
24,000
30,000
11,000
40,000
10,000
13,000
23,000
30,000
12.000
20,000
50,700
60,000
318,455
12,100
10,280
90,000
8,200
47,000
24,000
83,000
21,000
45,000
32,000
86,000
250,000
384,000
65,000
94,600
80,000
110,800

PRV

$781,790
41,604
703,471
320,019
48,811,977
7.048.429
124,706
44,701,494
10,153,418
1,267,243
10,237,918
10,939,320
245,053
4,681,880
379,001
2,375,584
3,121,190
18,814,700
12,121,945
1,059,447
137.788
3,673,374
1,535,268
655,482
464,647
1,747,953
758,695
1,663,465
7.635.709
6,547,845
826,087
2.726.217
,436,673
176,328,254
48,807,650
5,387,525
2,128,316
4,915,035
4,078,007
4,927,630
2,613,597
1,652,174
2,633,201
44 426,778
4,286,076
8,235,749
2,908,266
B,655,961
2,384,479
1,949,555
5,185,802
5,174,817
2,841,441
4,928,588
12,001,083
13,787,273
64,602,477
2,574,282
2,575,584
18,321,957
1,180,707
9,888,009
2,809,845
16,561,720
3,331,286
10,896,218
9,332,007
16,391,086
49,753,402
84,626,758
13,023,487
15,400,653
2,454,512
11,658,816

*Average coste over 50-year fifetime, VWashington, D.C. area

Annual M&R  Annual M&R

Cost Cost as % of
per GSFT* Repl. Value
$86.52 2.66%
89.48 16.70
40,61 6.35
24.25 1.67
23.27 1.19
20.60 288
19.07 298
14,90 145
12.52 3.33
12.24 3.86
1071 3.16
10.36 2.59
10.03 3.28
9.91 4.75
8.54 a5z
0.08 3.92
852 273
8.49 2.53
8.34 4.13
8.27 3.20
779 283
7.38 3.61
7.35 288
7.25 332
721 3.33
6.97 3.2
6.06 321
6.74 2.43
655 2.00
06.33 242
573 278
6.67 2.08
5.60 1.5
5.46 1.67
5.45 1.40
£.38 2.49
5.36 2.52
5.22 2,20
5.13 1.64
4.99 1.96
4.88 1.86
479 232
477 217
4.71 2.33
470 263
447 1.63
4,42 . 1.67
4.40 2.03
4.34 1.82
4.18 283
4.09 1.74
g7 2.24
2.85 1.67
3.84 . 1.56
t3.82 1.680
3.80 1.66
.82 1.78
3.56 1.67
3.54 1.53
3.48 171
346 240
343 1.63
3.28 2.80
.16 1.58
3.00 1.89
3.00 1.24
297 1.02
285 1.67
2.84 1.43
280 1.27
2,80 1.40
71 1.65
233 2.20
1.06 1.060

From the cost analyst’s perspective, the
most useful information in these profiles is
the year-by-year total shown under the “Cost
per GSFT by System” section. A projection
of M&R costs is required in the financial
evaluation of virtually all large construction
or renovation projects. Often this trend is
estimated with a simple approximation
(typically two to four percent of replacement
value). This simplification obscures the
oscillations in M&R requirements, and mis-
states costs when expressed in terms of
present value. In comparison, Whitestone
estimates are based on component life-
cycles that provide a more realistic and
defensible projection of M&R costs.

For the purposes of the facility manager,
average values for M&R costs may be more
useful than detailed year-to-year estimates.
Conversations about facility funding and
budgeting usually dwell on average costs
per square foof, or average costs as a
percentage of replacement value. Among
our modeils, the highest average cost per
gross square foot is for the Electrical Power,
Backup ($86.52), while the Parking Garage
had the lowest average cost ($1.06).

The reader may note the rankings in order of
cost are different when expressed in terms
of replacement value. The highest average
M&R cost from this perspective was for the
Guard House —17 percent of replacement
value. A complete list of replacement costs
is shown in Table A-1 in the Appendix. In
general, we are wary of costs expressed in
terms of replacement values because of the
great variation in new construction costs and
the difficulty of determining replacement
costs for older assets. Replacement values
have been completely revised based on a
Whitestone survey of actual federal
construction projects.

Profile estimates are sensitive to a variety of
factors such as unscheduled maintenance
rates, in-house shop rates, and facility
utilization. These sensitivities are discussed
in Chapter 6, Definitions and Methods.

Whitestone Facility Maintenance and Repair Cost Reference 2010-2011



2.1 M&R Cost Profiles

Laboratory, General

Washington, D.C.

Laboratory, General

‘Gross Square Feet: 56,000
Height in Ft: 25
Exterior: Clay Brick
Floor coverings: Carpet, Ceramic Tile, Finished Concrete
HVAC: Chilled Water, Heat Exchanger, Single Zone
Capacity: N/A
Occupancy: 500
Replacement Cost:

$18,814,700

St

Uniformat / Component Guantity

B20 Exterior Enclosure
Aluminum Louver, 15t Floor 8 Each

Clay Brick, Exterior, 1st Floor 11000 SqFt
Concrata Block, Exteror, 1st Floor 12800 SqFt
Steal Single 12'x12", Painted, Roll-up Door 1 Each
Steel, Painted, Exterior Doar T Each
B30 Roofing
Single-Ply Themoset Roof 56000 SqFt
C10 Interior Construction
Mavable Partitions, Office, Fabric, &' 100 LnFt
Toitet Partiticns, Painted Metal, Overhead Braced 16 Each
Steel, Painted, interior Door 114 Each
€30 Interier Finishes . .
Ceramic Tile, 4°x4", Interiar Wall Finish 2500 SqFt
Gypsum Board, Interior Wall Finish AZ700 SqFt
Carpet, Nylon 2G oz, High Traffic 13800 SqFt
Ceramic Tlle Fleoring 17000 Sqft -
Concrete, Painted Flooting 25200 SqFt
Acaustical Tile, Dropped Celling 54406 SqFt
Gypsum Board, Finished Ceflng 1600 Sq Ft
D10 Conveying R
Hoist Electric, Overhead, Ghain, 3 Ton 1 Each
D20 Plumbing
Drinking Fountain, Refrigeratad 2 Each
Lavatory, Vitreous China a7 Each
Service Sink, Iron, Enamel 2 Each
Sink, Stainless Steel 2 Each
Tankless Water Closet 16 Each
Urinal, Vitreaus China 9 Each
Circulator Pump, 152 HP, Hot Water 1 Each
Circulator Pump, 1 HP, Cold Water 2 Each
Cireulator Fump, 3 HP, Cold Water 3 Each
Pipe & Fitlings, 3/4" Copper, Cold Water 1.7 KLnFt
Pipe & Fittings, 3/4" Capper, Hot Water 0.88 KLnFt
Pipe & Fittings, 2* Copper, Cold Water .8 KLnFt
Pipe & Fittings, 4" Copper. Cold Water 04 KLnFt
Fipe & Fittings, 4" Steel 15 KLnFt
Pipe & Fittings, 12 Steel 1.3 KLnFt
Pipe insufation, Fiberglass, Gold Water 4 KLlnFt
Pipe Insulation, Fiberglass, Hot Water 1.2 KinFt
Waler Heater, Gas/Qit, 275 Gph 1 Each
Backflow Preventer, 4" 2 Each
Floor Drain 4 Each
Pipe & Fitlings, 47 Cast [ror 1.6 KLnFt
Pipe & Fitiings. 6" Cast lron 1.3 KLnFt
Pipe & Fittings, 4™ PVC QI7T KLn#t
Roof Drain, 46" 16 Each
Surp Pump, /2 HP 2 Each
Air Compresser, 25 HP 2 Each
Compressed Air Dryer 2 Each
Gas Compressor, 7 /2 HP 2 Each
D30 HVAC
Chemlcal Feed System 1 Each
Condensate Receiver Station, 10-%5 Gal. 1 Each
Expansion Tank, 100 Gal. 2 Each
Expansion Tank, 400 Gal, 1 Each
Hest Exchanger, Steam-to-Water, 40 Gpm 1 Each
Steamn Trap, F&T, 2* [ Each
Valve, Non-Drain, 2" 430 Each
Valve, Non-Drain, 4" 20 Each
Chifler, Racipracal Water-Cocled Hermetic, 100 Ton 1 Each
Cireulation Pump, 5 HP, Chiller & Condenser Water 4 Each
Circulation Pump, 25 HP. Chiller & Condenser Waler 2 Fach
Cooling Tower, 100 Ton 2 Each
Evaparative Cooler, Indirect, 2,000 Scfm 12 Each
Evaporative Cooler, Indirect, 5,000 Scfm 1 Each
Pipe & Fitlings, 2° Copper 0.5 KinfFt
Pipa & Fitings. 2° Steel 1.6 KLnFt
Pipe & Fitlings, 3" Steel 1.8 KLnFt
Pipa & Flllings, €" Steel 1.3 KLrFt
Pipe & Fittings, 8" Stesl 0.3 KLnFt
Alr Handler, Single Zone, 6,500 Cfm 2 Each
Alr Handler, Single Zone, 10,000 Cfm 25 Each
Duct Insulation, Fiberglass Blanket 18200 Sq Ft
Ductwerk 26000 Lbs

e . i ‘
YearMs

%%@ﬁ%‘@@

Annual Annual Cost
50 Year Cost per as % of
Task Type Total Cost GSFT Replacement
PM & Minor Repair $6,185,971 $2.21 0.66%
Unscheduled Maintenance $4,635,141 $1.66 0.49%
Renewal & Replacement $12,953,025 $4.63 1.38%
Total $23,774,137 $8.49 2.53%
Distribution of M&R Costs
0% 0% 20% 30% 40% 60%

B20 Bxerior Encloswre
B30 Roofing

S0 Intexior Construction
C3C hteciar Finishes
DN Conveying {&

D20 Plurbing

D30 HVYAC

D4G RreProteclion

D50 Electrical

Task
ME&R Task Cost* pet.*
Replace MV Switchgear, >1,200 Amp. 46.57 13.6%
Reaplace Air Handler, Single Zone, 10,000 Cfm 29.58 B.7%
Maintain Air Handler, Single Zone, 10,000 Cfm 2244 6.6%
Lubricate, Repack Gland, Valve, Non Drain, 2" 21.64 6.3%
Replace Membrane, Single-Ply Thermoset Roof 19.28 5.6%
Replace Valve, Non-Drain, 2" 1584 4.6%
Replace Carpet, Nylon 20 oz, High Traffic 8.54 2.5%
Refinish Gypsum Board, interior Wall Finish 766 2.2%
Replace Ceramic Tile Flooring 6.25 1.8%
Maintain Power Panel Board, 208 Y/120 V, 200 Amp. 6.15 1.8%
Maintain Evaporative Cooler, indirect, 2,000 Scfm 587 1.7%
Replace Power Panel Board, 208 Y/120 V, 200 Amp. 581 1.7%
Replace Evaporative Cooler, Indirect, 2,000 Scfm 532 1.6%
Maintain Single-Ply Thermoset Roof 526 1.5%
Maintain Direct Digitaf Controls, System Points 5.06 1.5%
Replace Circuit Breaker, Main, MV, 600 V, 1,600 Amp. 460 1.3%
Replace Direct Digital Controls, System Points 452 1.3%
Replace Transfer Switch, HV, Auto, 600 V 402 1.2%
Replace Valve, Non-Drain, 4" 3.54 1.0%
Maintain Chemical Feed System 3.33 1.0%
Clean & Seal Concrete Block, Exterior, 1st Floor 3.14 0.9%
Replace Steel, Painted, Interior Door Locks . 3.07 0.9%
Replace Chiller, Reciprocal Water-Cooled Hermetic, 100 Ton 297 0.9%
Clean & Reseal Clay Brick, Exterior, 1st Floor 271 0.8%
Repair Air Handler, Single Zone, 10,000 Cfm 267 0.8%
Lubricate, Repack Gland, Valve, Non Drain, 4" 252 0.7%
Maintain Cooling Tower, 100 Ton 244 0.7%
Replace Batteries & Check Operation, Smoke Detector 217. 0.6%
Replace Caoling Tower, 100 Ton 1.99 0.6%
Maintain Chiller, Reciprocal Water-Cooled Hermetic, 100 Ton 1.96 0.6%

*Task cost ($2010) per GSFT over 50 years.
*Parcent of tofal M&R costs.

Note: For a complete list of components see Chaptér 2.2. For alternative locations use the Local Indexes shown in Chapter 3,
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2.1 M&R Cost Profiles Laboratory, General Washington, D.C.

w
z g g 2
g 3 ) 3 = m E 2 o
@ = aQ = s = 3 =
i & 5 z o QO o o
5 9 g 3 5 3 m ¢ % 5
o = 2 & m 2 » g I £ 2 § & 50-YearTotal M&R
= =+ = »
Asset & s g 2 % § 2 & & 8 3 § 32 @ CostProfileper GSFT
Age 5 3 s) < B 3 5 3 o 8 o o =1 T :
@ jis] 3 ] w w « w 3 a2 = 3 L] | $0 $50 $100
1 20 00 15 265 .05 58 .00 3.64
2 20 03 .00 22 265 .05 81 .00 3.77
3 20 .00 15 270 .05 .58 00 3.69
4 20 .05 70 00 28 265 05 61 00 4.58
-5 .01 .33 A9 .00 23 270 .08 75 00 431
6 .20 03 .00 22 2.70 05 61 . 00 3.82
7 20 00 19 266 05 58 .00 3.69
-8 20 05 2,09 00 29 265 .05 61 .00 5.96
9 20 .06 00 15 270 05 58 .00 3.75
10 2.85 53 81 35 .00 60 5.71 25 234 03 12.47
11 20 .00 15 265 .05 .58 .00 3.64
12 20 .05 .70 00 49 2.69 15 61 .00 4.89
13 .20 : 00 15 2,69 .05 .58 .00 3.68
14 .20 03 00 26 2.66 05 . 61 .00 3,82
15 .03 .33 .19 .20 00 34 1448 At 12 00 16.83
16 .20 .05 2.09 00 29 268 05 61 00 6.00
17 20 .00 16 2,65 .08 58 .00 3.68
18 20 .09 .00 22 2.66 05 347 .00 6.39
19 20 00 145 269 05 58 .00 3.68
20 285 964  1.08 1,07 00 130 1841 22 26.28 .03 60.92
21 20 00 18 267 . 05 .58 00 2.70
22 20 03 00 23 . 266 .08 .61 .00 3.80
23 20 .00 15 269 05 61 .00 3.71
24 20 .05 2.09 .00 49 269 .15 61 . .00 6.29
25 1.61 .33 .23 .00 08 185 4325 .06 94 00 9.46
2 20 03 .00 22 269 .05 61 00 3,81
27 20 06 .00 A5 2.66 .05 58 .00 3.71
28 20 05 70 .00 26 2.66 05 64 .00 4.57
29 20 .00 23 2.69 08 58 .00 3.79
30 2.88 53 81 55 00 74 1741 28 1161 .03 34.83
31 20 00 16 265 .05 58 .00 3.64
32 20 .05 2.09 00 22 285 .05 61 .00 5.89
33 .20 A0 22 2.70 .05 .61 .00 3.79
34 20 03 .00 23 265 .08 61 .00 3.80
35 .06 .33 .19 00 82 271 06 73 .00 4.91
36 20 .05 .76 00 36 273 A5 347 .00 7.43
a7 20 .00 28 266 05 58 00 3.78
38 .20 03 00 16 2.65 .05 61 00 3.71
39 .20 00 21 270 05 58 .00 3.75
40 284 964 108 2.46 00 122 19,79 22 26.59 03 63.88
41 20 00 20 2.65 .08 61 .00 3.83
42 20 .03 00 20 266 .05 61 .00 3.76
43 .20 00 21 2.69 .05 .58 00 3.75
44 20 .05 70 00 16 266 .05 61 00 4.44
45 05 23 A9 26 .00 60 1448 A1 108 00 i7.14
46 20 03 .00 A7 280 .08 64 .00 3.81
47 20 .00 21 265 .05 58 .00 3.70
48 20 .05 2.09 .00 36 2.69 15 61 .00 6.16
49 20 .00 32 2.69 .05 .58 00 3.86
50 4.44 53 .85 6.61 08 206 . 476 32 791 03 27.58
Total 17.62 3039  6.15 25,98 36 19.02 211.65 442 108.63 31 424.54

A value of ".00" means a cost of more than $.000 but less than $.005 per GSFT.

Note: For a complete list of components see Chapter 2.2, For alternative locations use the Local Indexes shown in Chapter 3.
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The statistics in this chapter focus on Iocal maintenance costs for 255 major North American and
International areas. Three types of measures are presented:

Section 3.1: Local maintenance cost indexes measure M&R costs across areas.
Section 3.2: In-house shop rates for trades and supervisory positions commaon to facility staff.
Section 3.3: Contract labor rates for trades common in M&R construction. -

The focal maintenance cost index is based on the M&R costs of the 2 Story Office Building (shown in
Chapter 2) standardized to the Washington, D.C. area. The range of the index is considerable, as Table
3-1 indicates. Costs in New York, NY are an estimated 29% higher than those in Washington, D.C. for the
same asset. In the other direction, M&R costs in Beijing, CHN are an estimated 76% lower than the
Washington, D.C. value. This index can be used for simple comparisons among areas, and also used to
adjust the cost profiles in Chapter 2 for areas other than Washington, D.C. For a listing of international
contract labor and in-house shop rates; see tables A-5 and A-6 in Appendix 1.

S
A A A e, ¥
Local ' Local Local Local . Loeal
Maintenance Maintenance Maintenance Maintenance Maintenance

Area CostIndex® Area Cost Index*  Area Gostindex* Area Costindex® Area Gost Index*
New York, NY 128.5 Albany, NY ar.7 Affanta, GA | 804 Little Rock, AR 839 International Gitles+
Yonkers, NY . 128.5 Arnapotis, MD a7.5 Manchestes, NH %03 Baoise, (D 83.9
San Francisca, CA 125.2 Ealtimore, MD . 97.5 Dovar, DE 8a.7 Montgomary, AL 838 Zurich, CHE 105.5
Philadeiphia, PA 1214 indianapelis, IN 97.5 Cedar Rapids, 1A 8.7 Cheyenne, WY 8386 Berin, DEU 87.5
New Brunswick, NJ 214 Madlson, Wl 87.5 Denver, COt 3.7 Tucson, AZ 836 Paris, FRA 785
Trenton, dNJ 1214 Terre Hauta, IN 874 ' Beaumont, TX 896 Beaufort, SC 8§3.5 Sydnay, AUS 75.2
Jersey Gity, NJ 1207 Worcaster, MA 974 Allys, OK 9.0 Charleston, SC 835 TFokya, JPN 84,5
Morsistown, NJ 1207 Sacramenta, CA 97.4 Louisville, KY 88.9 Dallas, TX 834 London, GBR. €38
Newark, NJ 120.7 Duluth, MN 974 Taoledo, OH 88.8 Orfando, FL, . 833 Sao Pauto, BRA 55.2
Camdan, NJ 1205 Moline, IL 973 Baton Rouge, LA 88.7 Amarifie, TX 83,2 Seoul, KOR 49.4
Chicage, IL 118.1 Akron, OH 97,3 Great Falls, MT 88.6 Huntsville, AL 83.2 -Istanbul, TUR 45,8
Cakland, CA 115.3 Salem, OR 97.3 Grand Rapids, M1 88,5 Columbia, SC 83.2 Abu Ohabi, UAE 38.1
San Jtose, CA 113.8 Evansville, IN 7.1 Phoenix, AZ 835 Las Crucas, NM 83.2 Buenos Aires, ARG . 37T
Springfield, IL. 113.0 Springfield, MA g7.0 Litica, NY 88.3 Fort Worth, TX 825 Rtadh, SAY 362
Hilo, HI Mz27 Rochester, MN 98.8 Savannah, GA 88.1 Oldahoma Clty, OK 825 Johannesburg, ZAF 3.9
Heroluly, HI 27 Santa Barbara, CA 96.5 Lewiston, ME . 87,6 Springfield, MG 82.1 Mexico City, MEX 30.7
Ann Arbor, M1 11141 Youngstown, OH 96.4 Mabila, AL 87.5 Roanoke, VA 820  Moscow, RUS 306
Rockford, IL i08.2 San Diego, CA 959 Biloxd, MS 874 Bowling Green, KY 81.8 &t. Petarsburg, RUS 30.3
Minneapolis, MN 107.8 Lowell, MA 95.9 Spokane, WA 874 Raleigh-Durham, NC 81.8 Calro, EGY 296
St. Paul, MN 107.8 Providenca, RI 95,9 Chattanooga, TN 874 Knoxville, TH 8.7 Shanghal, GHN 294
St. Louis, MO 1076 Anacaries, WA 95.8 Wichita Falls, TX 873 Nashville, TN 810 Karachi, PAK 285
Kansas Clty, MO 107.5 Brackion, MA 95,7 St George, UT 87.2 Fayetlsville, AR 809 Mumbai, IND 263
Las Vegas, NV 107.3 Jafferson Clty, MC 95.6 Lincoln, NE 87.0 Macon, GA B80S Beijing, CHN 24.1
Atlantic City, NJ 106.9 Buffalo, NY 954 Sioux City, 1A 87.0 Charlotte, NC 80.8
Paoria, IL 1066 Rivarsida. CA 854 Shreveport, LA 8ro Pierra, 50 80.4
Detroit, MI 1059 Reno, NV 95.3 Richmond, VA . 569 Rapid City, 5D 80.4
Boston, MA 4058 Oxnard, CA 95.2 Houston, TX 868 Bismarck, NO £80.2
Norwalk, CT 1055 Cinginnati, CH . 949 Colorado Springs, CO §6.8 Daytona Beach, FL 801
Stamford, CT 1055 Flint, Ml 94.9 Jacksonville, FL 86.7 Cofumbus, GA 80.0
New Haven, CT 1046 Olyrmpia, WA 949 Hampton, VA 86.7 Fort Smith, AR 80.0
Gary, IN 1037 Davenport, 1A 9.7 Newport News, VA 86.7 Greensbore, NC 79.7
Sealtle, WA 1034 Cumberiand, ME 94.5 Norolk, VA 86.7 Sioux Falls, SD 4.1
Portland, OR 103.3 Fresno, CA 94.3 Virglnia Beach, VA 86.7 Winston-Salem, NG 78.8
Waterbury, CT 1032 Harrisburg, PA 94.0 Waco, TX 26,6 Tallahassee, FL 785
Danbury, CF 1032 Pugblo, CO 940 Miami, FL 86.6 Fargo, ND 78.5
Springfield, OH 103.1 Saginaw, Ml . 93.3 Wichita, KS . 86.5 Lubback, TX 78.3
Lansing, MI 103.0 Columbus, OH a3.2 Fort Laudardale, FL 86.4 Alamogardo, NM T
Pittsburgh, PA . 1029 Syracuse, NY 93.1 Albuguerque, NM 86,0 £ Paso, TX 77
Juneau, AK . 01,9 Waterlown, NY 93 Frankfort, KY 85.8 Heagatna, GU 759
Milwaukee, WE 1048 Dayton, OH 9z.9 Lexington, KY 858 San Juan, PR 696
Anchorage, AK 1643 Rachester, NY 928 Sante Fe, NM . 856
Kokamo, IN .2 South Bend, iN 92.7 Austin, TX 855 Canadian Cltles+
Hartford, CT 1011 Stockien, CA 926 Pocatelio, ID 855
Anaheim, CA 101.0 Green Bay, Wi 926 Birmingham, AL 853 Calgary, AB a7.8
Los Angeles, CA 1010 Muncle, IN 825 Portland, ME 85.2 Toronto, ON 976
MNorwich, OT 100.8 New Orleans, LA 82.3 Jackson, MS 85.1 Ottawa, ON 966
Claveland, OH 400,3 Gonoord, NH a3 Memphis, TN B5.1 Hamilton, ON 96.4
Charleston, WV $00.1 Topeka, KS 92,2 Corpus Christi, TX 5.0 Londen, ON R 964
‘Washinglon, B.C. 100.0 Erie, PA. 92.1 Qgden, UT 84,8 Vancouver, BC 96,3
Tacoma, WA, 889 Fall River, MA  ~ 2240 Salt Laka City, UT 84.8 Edmonton, AB 96.2
Parkersburg, WV 996 Meadford, OR 920 Key West, FL B84.8 Victoria, BC 95,3
Carscn City, NV 99.5 Das Moinas, 1A 91.8 Tulsa, OK - 8.7 Halifax, NS 841
Fairbanks, AK 994 Batile Creek, MI 916 San Antonie, TX 84.4 Montreal, QC 93,0
Bakersfield, CA 934 Kalamazca, M| 91.6 Owensboro, KY 84.4 CQuebec City, QC 90.5
Richland, WA 892 Lawton, OK 913 Tuscaloosa, AL 84.2 St John's, NL 88.3
Wilmingtor,, DE 98.0 Omaha, NE 210 Augusta, ME 844 Regina, SK 85.9
Marquetia, M| 95.0 Helena, MT a0.e Tampa, FL 84,1 Winnipeg, MB Lo
Scranton, PA 98.6 Billings, MT 0.8 Burlinglon, VT 841
Reading, PA 98.5 Bouldsr, GO 90.6 Montpelier, VT 841
Eugene, OR 7.9 Eau Clafre, W1 20,6 Rutland, VT 84.0
*Total average cost, Washington D.C.=100
+Adjusted using 6/14/10 exchange rate from Reuters.com
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- 3.1 Local Maintenance Cost Indexes, Selected North American Areas

Charleston, WV

PM & Mincr Repair $.61 96.4 56 PM & Mincr Repair $.44 68.6 227
Unscheduled Maintenance $.46 96.3 50 Unscheduled Maintenance $.29 60.2 229
Renewal & Replacement $2.08 102.1 44 Renewal & Repiacement $1.79 88.2 206
Total Average Cost '$3.15 100.1 48 Total Average Cost $2.52 80.0 223
Charlotte, NC Columbus, OH
PM & Minor Repair $.45 70.8 220 PM & Minor Repair '$.53 825 150
Unscheduled Maintenance $.30 63.6 218 Unscheduled Maintenance $.38 79.3 143
Renewal & Replacement $1.79 87.9 210 Renewal & Replacement $2.03 29.9 62
Total Average Cost $2.54 80.8 218 Total Average Cost $2.93 93.2 106
Chatiancoga, TN Concord, NH
PM & Minor Repair $.54 84.9 136 PM & Minor Repair $.55 85.7 130
‘Unscheduled Maintenance $.38 80.0 138 Unscheduled Maintenance $.38 79.9 140
Renewal & Replacement $1.83 89.9 186 Renewal & Replacement $1.98 97.2 94
Total Average Cost $2.75 87.4 152 Total Average Cost $2.90 92.3 117
Cheyenne, WY Corpus Christi, TX
PM & Minor Repair $.52 81.6 153 PM & Minor Repair $47 74.2 199
Unscheduled Maintenance $.37 77.3 153 Unscheduled Maintenance $.32 68.1 200
Renewal & Replacement $1.74 85.8 222 Renewal & Replacement $1.88 924 156
Total Average Cost $2.63 83.6 198 Total Average Cost $2.68 85.0 181
Chicago, IL Cumbertand, MD
PM & Minor Repair $.76 119.6 13 PM & Minor Repair $.56 87.4 119
Unscheduled Maintenance $.58 121.0 13 Unscheduled Maintenance $.41 854 111
Renewal & Replacement $2.38 116.9 3 Renewat & Replacement $2.01 98.8 74
Total Average Cost $3.72 118.1 " Total Average Cost $2.97 94.5 100
Cincinnati, OH Dallas, TX
PM & Minor Repair $.55 86.9 121 PM & Minor Repair $.49 76.6 183
Unscheduled Maintenance $.40 83.1 122 Unscheduled Maintenance $.34 70.7 178
Renewal & Replacement ' $2.04 100.2 58 Renewal & Replacement $1.80 88.5 202
Total Average Cost $2.99 94.9 96 Total Average Cost $2.62 83.4 202
Cleveland, OH Danbury, CT
PM & Minor Repair $.65 101.3 38 PM & Minor Repair $.61 95.7 64
Unscheduled Maintenance $.48 100.9 39 Unscheduled Maintenance $.44 92,1 76
Renewal & Replacement $2.03 99.8 63 Renewal & Replacement $2.20 108.1 24
Total Average Cost $3.16 100.3 a7 Totat Average Cost $3.25 - 103.2 35
Colerado Springs, CO Davenport, A
PM & Minor Repair $.51 80.3 160 PM & Minor Repair $.59 92,0 Y
Unscheduled Maintenance -$.36 74.9 161 Unscheduled Maintenance $.43 80.6 86
Renewal & Replacement $1.86 91.5 169 Renewal & Replacement $1.96 96.5 104
Total Average Cost $2.73 86.8 160 Total Average Cost $2.98 94.7 a9
Columbiz, SC Dayton, OH
PM & Minor Repair $.46 71.5 216 PM & Minor Repair $.53 838 143
Unscheduled Maintenance $.30 63.8 217 Unscheduled Maintenance $.38 79.4 142
Renewal & Replacement $1.86 214 172 Renewal & Replacement $2.01 99.0 70
Total Average Cost $2.62 83.2 206 Total Average Cost $2.93 92.9 110

Columbus, GA

*Annual average costs, over a 5¢ year service life, of maintaining the 2 Story Office Building shown in Chapter 2,
Note: Local Indexes are standardized (equal 100) for the Washington D.C. area.
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Fermilab Work Smart Set

INTRODUCTION

Fermilab has adopted the Necessary and Sufficient (N&S) Process for determining the Work Smart Set
of Standards (WSS) to determine the appropriate ES&H standards to ensure the safe and
environmentally responsible operations of the laboratory. Fermilab, in conjunction with participation
from, the DOE FSO, the Chicago Operations Office (CH) and the Office of Science (SC), conducted the
tirst site-wide application of the Departmental N&S Closure Process. The result was a set of
significant hazard aspects and impacts that were used to establish a Work Smart Set of Standards
(WSS). The WSS were incorporated into the prime contract with DOE. These standards, if proper]
implemented, provide adequate assurance that the public, workers, and environment are protecteg
from adverse consequences. Fermilab’s work activities, the hazards associated with the work, and the
standards are reviewed on an annual basis, and revised as needed. Additionally, new standards
promulgated by DOE or national standards-making bodies (e.g. National Fire Protection Association)
are evaluated and incorporated into the WSS as appropriate.

RESPONSIBILITIES

The Chief Operating Officer is responsible for assuring that suggested changes to Fermilab’s WSS are
incorporated into the FRA contract with DOE.

The ESH Section Head is responsible for
»  Conducting annual review of WSS and recommending to Fermilab management changes to the
set.
= Distributing copies of the revised WSS to the Library.

The Laboratory Services, Information Resources Department Manager is responsible for assuring that
all WSS are available through the library system.

PROGRAM DESCRIPTION

The WSS shall be reviewed on an annual basis. The ESH Section Head will transmit to the Chief
Operating Officer recommendations of changes to the WSS. Once the set has been accepted by DOE-
FSO and incorporated into the contract with FRA, copies shall be distributed to the Library and the
FESHM chapter.



Appendix A
Fermilab Work Smart Set of Standards

10 CFR 1021 (DOE NEPA rules)

10 CFR 1022 (Compliance with Floodplain/Wetlands environmental review requirements)

10 CFR 1046 Subpart B, App. A, Chapter X, par. H through I inclusive. (Physical protection of
security interests, protective force personnel)

10 CFR 835 (Occupational radiation protection - applicable and enforceable portions)

10 CFR 850 (Chronic Beryllium Disease Prevention Program)

10 CFR 851 (Worker Safety and Health Program)

10 CFR 860 (Trespass to land owned & leased by the U.S. Government)

17 IAC 525 and permit pursuant (Nuisance animal trapping permits)

17 IAC 3702 (Construction and Maintenance of Dams)

18 U.S. Code Sections 841-848 (Use, or threat of use, of explosives; includes civil disorders)

28 CFR 36 (Section 302(b)(2) of the Americans with Disabilities Act and Section 4.1.3(9) of the
ADAAG -- accommodations and accessibility)

29 CFR 1903.13 (Imminent danger)

29 CFR 1903.2 (Posting of notice...)

29 CFR 1904 (Recordkeeping and reporting occupational injuries and illnesses)

29 CFR 1910 (OSHA general industry standards - applicable and enforceable portions)

29 CFR 1926 (OSHA construction industry standards - applicable and enforceable portions)

29 CFR 1928 Subpart C (Roll-over protective structures - applicable and enforceable portions)

29 CFR 1928 Subpart D (Safety for agricultural equipment - applicable and enforceable portions)

29 CFR 1977.12 (Exercise of any right afforded by the Act)

29 CFR 1977.4 (Persons prohibited from discriminating)

29 IAC Chapter 1, Subchapter f (Emergency services, disasters, and civil defense /ESDA/
chemical safety)

33 CFR 320-323, 328-330 (Army Corp of Engineers wetlands regs)

35 IAC (State of IL environmental regs - applicable and enforceable portions)

36 CFR 60, 63, 65 (National historic landmark program)

36 CFR 78-79 (NHPA waiver and collection curation regs)

36 CFR 800 (Protection of historic and cultural properties)

40 CFR (Federal environmental regs - applicable and federally-enforceable portions)

41 1AC 100 (Fire prevention and safety)

41 1AC 120 (Boiler and pressure vessels)

41 1AC 140 (Policy and procedures manual for fire protection personnel)

41 1AC 160 (Storage, transportation, sale and use of gasoline and volatile oils: rules relating to
general storage)

41 1AC 170 (Storage, transportation, sale and use of petroleum and other regulated substances)

41 IAC 180 (Storage, transportation, sale and use of volatile oils)

43 CFR 7 (Archaeological collections)

49 CFR (Offsite)
Parts 100-177 (Applicable Parts)
Parts 178-199 (Applicable Parts)
Parts 382-399 (Applicable Parts)

49 CFR (Onsite)
Parts 382-399 (Applicable Parts)
177.848 (Segregation Table for Hazardous Materials)

50 CFR 17 (Endangered species rules)

71 IAC 400 (lllinois accessibility code, Subparts C-F)




77 1AC 830 (Structural pest control code)

77 1AC 855 (Rules for Asbestos Abatement for Public & Private Schools and Commercial &
Public Buildings in Illinois)

77 1AC 890 (Plumbing code)

77 1AC 900 (Drinking water systems requirements)

77 1AC 905 (Private Sewage Disposal Code)

77 1AC 920 (Water well construction code)

77 1AC 925 (Well pump installation)

92 1AC 700 and all permits pursuant (Construction in water course permit application)

92 IAC 704 and all permits pursuant (Regulation of public waters)

92 IAC 708 and all permits pursuant (Floodway construction permit application)

105 ILCS 105 (Asbestos Abatement Act)

225 ILCS 207 (Commercial and Public Building Asbestos Abatement Act)

ACGIH Threshold Limit Values for Chemical Substances and Physical Agents and Biological
Exposure Indices, 2005

ANSI A 17.1 (Elevator Construction)

ANSI A 17.3 (Elevator Maintenance)

ANSI A 39 (Window Washing)

ANSI B11 series (Metalworking - applicable portions)

ANSI B15.1 (Power transmission apparatus)

ANSI O1.1 (Woodworking machinery)

ANSI Z88.2 (Respiratory Protection) 1992

ANSI Z136.1 (Lasers), 2000

AWS (American Welding Standard) Z 49.1 (Cutting, Welding and Hot Work Activities) 1999
version

ANSI/ASHRAE 15 (Mechanical refrigeration)

ANSI/ASME B30.10 (Hooks) 2005

ANSI/ASME B30.11 (Monorails and Underhung Cranes) 2004

ANSI/ASME B30.16 (Overhead Hoists (Underhung)) 2003

ANSI/ASME B30.17 (Overhead and Gantry Cranes (Top Running Bridge, Single Girder,
Underhung Hoist)) 2003

ANSI/ASME B30.2 (Overhead and gantry cranes) 2005

ANSI/ASME B30.20 (Below the hook lifting devices) 2006

ANSI/ASME B30.21 (Manually Lever Operated Hoists) 2005

ANSI/ASME B30.22 (Articulating Boom Cranes) 2002

ANSI/ASME B30.5 (Mobile and locomotive truck cranes) 2004

ANSI/ASME B30.9 (Slings) 2003

ANSI/ASME B31.1 (Power piping) 2001, B31.1a 2002, Addenda to b 31.1 2001

ANSI/ASME B31.3 (Process Piping) 2004

ANSI/ASME B31.5 (Refrigeration piping) 2001

ANSI/ASME B31.8 (Gas transmission and piping systems) 2003

ANSI/ASME B31.9 (Building Services Piping) 1996

Archaeological and Historic Preservation Act of 1974 (P.L. 93-291)

Archaeological Resources Protection Act of 1979 [amended], 16 USC 470aa et seq.

ASME Pressure Vessel Code - Section VIII

ASME B20.1-1996 (Safety Standard for Conveyors & Related Equipment)

Atomic Energy Act of 1954 [amended], 42 USC 2011 et seq.

ANSI N323A-1997 (Radiation Protection Instrumentation Test and Calibration, Portable Survey
Instruments)

ANSI N323D-2002 (American National Standard for Installed Radiation Protection
Instrumentation)




Batavia Code of Regulations, City Ordinance, Section 8-3-10-3

International Building Code Fire Prevention Code (latest edition)

International Building Code (latest edition)

Boiler & Pressure Vessels of the Illinois Office of the State Fire Marshall - applies to CUB Boilers
Only

CERCLA/SARA, 42 USC 9601 et seq.

City Code of Warrenville, IL Title 7, Chapter 4, sewer/sewerage ordinance

Clean Air Act Amendments 1990, 42 USC 7401 et seq., and Illinois State Implementation Plan, 40
CFR 52 Subpart O

Clean Water Act, 33 USC 1251 et seq.

DOE Order 420.1A Fire Protection (Section 4.2)

DOE Order 5400.5 Derived Concentration Guide Table and dose limits to the public (Chapter 2,
Section 1; Chapter 3)

DOE Manual 231.1A (Environment, Safety and Health Reporting Manual), as it applies to injury
recordkeeping only, September 9, 2004

DuPage County Health Department Private Water Supply Ordinance (Chapter 18, Article 18-4,
DuPage County Code)

E.O. 11988 (Floodplain Management)

E.O. 11990 (Protection of Wetlands)

E.O. 12580 (Implementation of superfund)

E.O. 13101 (Greening the Government through Waste Prevention, Recycling, and Federal
Acquisition)

E.O. 13058 (Protecting Federal Employees and the Public from Exposure to Tobacco Smoke in the
Federal Work Place)

E.O. 13148 (Greening the Government through Leadership in Environmental Management)

E.O. 13149 (Greening the Government through Federal Fleet and Transportation Efficiency)

Endangered Species Act, 16 USC 1531 et seq.

Federal Facility Compliance Act, 42 USC 6961

Fermilab ES&H Section SQIP RPS.8 (Control and accountability of nuclear materials)

FESHM 2010 (Planning and review of accelerator facilities and their operations)

FESHM 3010 (Significant and Reportable Occurrences) (formerly, Occurrence reporting)

FESHM 5031 (Pressure vessels)

FESHM 5031.1 (Pressure piping systems)

FESHM 5032 (Cryogenic system review)

FESHM 5032.1 (Liquid nitrogen dewar installation rules)

FESHM 5032.2 (Guidelines For the Design, Fabrication, Testing, Installation, and Operation of
LH2 Targets)

FESHM 5032.3 (Transporting gases in building elevators)

FESHM 5033 (Vacuum vessel safety)

FESHM 5033.1 (Vacuum window safety)

FESHM 5035 (Mechanical refrigeration systems)

FESHM 5040 (Fermilab electrical safety program)

FESHM 5041 (Electrical utilization equipment safety)

FESHM 5042 (AC electrical power distribution safety)

FESHM 5043 (Management and use of cable tray systems)

FESHM 5044 (Protection against exposed electrical bus)

FESHM 5046 (Low voltage, high current power distribution systems)

FESHM 5064 (Oxygen deficiency hazards)

FESHM 5084 (Ergonomics Program)

FESHM 6020.3 (Installation of flammable gas lines in or near cable trays)




FESHM 9030 (Aviation safety)

FIFRA, 7 USC 136 et seq.

FRCM Article 362 (X-Ray Generating Devices & Radiography Sources)

FRCM Article 411 (Radioactive Material Identification, Storage and Control - Definitions)

Handbook for Sampling & Sample Preservation of Water and Wastewater, EPA-600/4-82-029

IEC 61511, Functional Safety, Safety Instrumented Systems for the Process Industry Sector

Illinois Chemical Safety Act, 430 ILCS 45/1 et seq.

Illinois Compiled Statutes (ILCS) Chapter 625 (State vehicle code -- Applicable Portions)

Illinois Department of Public Health, DuPage County Dept. Public Health. CDC December 7,1990

Illinois Endangered Species Protection Act, 520 ILCS 10/1 et seq.

Illinois Ground Water Protection Act, 415 ILCS 55/1 et seq.

Illinois Health and Safety Act, 820 ILCS 225/1 et seq.

Ilinois Pesticide Act, 415 ILCS 60/1 et seq.

Ilinois Structural Pesticide Act, 225 ILCS 235/1 et seq.

Kane County Health Department Ordinance 04-199/05-141 Water Well Code

National Fire Protection Association Codes and Standards (NFPA Standards - applicable portions)

NFPA (National Electric Code), 2005

NFPA 70E (Standard for Electrical Safety in the Workplace), 2004

National Historic Preservation Act of 1966 [amended], 16 USC 470 et seq.

Native American Graves Protection and Repatriation Act of 1990, 25 USC 3001 et seq.

NEPA, 42 USC 4321 et seq.

OSH Act, 29 USC 654(a)(1) -- General duty clause.

Privacy Act of 1974, 5 USC 552a

RCRA Part B Permit (lllinois Log #131), including Emergency Contingency plan

RCRA, 42 USC 6901 et seq.

Recommended standards for Water Works, Great Lakes Upper Mississippi R. Bd. of State Public
Health & Environmental Managers (1992)

Safe Drinking Water Act, 42 USC 300f et seq.

Standard Methods for the Examination of Water and Wastewater, 18th Ed., APHA (1992)

Standards and Specifications for Soil Erosion and Sediment Control, 10/87, IEPA 87-102

TSCA, 15 USC 2601 et seq.

UL Listing

Uniform Federal Accessibility Standards, Chapter 4, Accessible Elements and Spaces: Scope and
Technical Requirements

Energy Solutions LLC Bulk Waste Disposal and Treatment Facilities Waste Acceptance Criteria

Rather than attempt a precise analysis of all necessary standard citations to exclude non-applicable
parts, inclusive citations were made qualified by the phrase "applicable and enforceable parts
thereof."

To the extent these standards apply to DOE and not the contractor, the contractor will assist DOE
in complying with them.

This Set does not change any existing Federal, State or local enforcement authority.

For standards not applicable as a matter of law (other than FESHM provisions), the applicable
version shall be the revision in effect on July 14, 1995, unless otherwise indicated. For FESHM
provisions, the applicable version shall be the most recent version established through the
procedures set forth in Appendix I.




* Fermilab

ESH Section

Multi-Organization Construction Site Safety Walkthrough

1.0  Background and Purpose

Background: The vast majority of incidents happen when barriers are bypassed, procedures are
not followed or there are departures by workers from safe behaviors. Unsafe conditions have
historically been a small percentage of the causes of accidents whereas behaviors or unsafe acts
are the bulk of the causes. In order to eliminate these incidents from the workplace we must
concentrate our efforts to those actions that will have the biggest return on “investment” such as
the elimination of unsafe behaviors and the evaluation of work processes and barriers to
determine conformance with accepted practices.

Purpose: To establish a process for conducting formal safety program evaluations and field
assessments through site safety walkthroughs for construction activities. These walk-throughs
should consider management systems, employee behaviors, conformance to the subcontractor
safety plan, and performance to Fermilab requirements as expressed in contractual documents,
pre-bid and pre-construction meetings.

2.0 Scope

This procedure applies to all active construction activities that require a multi-organizational
scrutiny as designated by the Chief Operating Officer.

3.0  Responsibilities
3.1 Construction Manager

3.1.1 Determine the frequency of walkthroughs based upon input received from
the Chief Operating Officer and the Project Manager. Frequency should be
identified in the Project Execution Plan (PEP).

3.1.2 Identify walk-through team members. The team should be kept to a
reasonable size and may include the Construction Manager, Construction
Coordinator, Subcontractor Superintendent, a representative from the
Fermilab ESH Section, a representative from the Department of Energy
Fermi Site Office if requested, and a Project ESH Coordinator, if one is
assigned.

3.1.3 Conduct a closeout meeting as described below.

3.2 Construction Coordinator



4.0

3.2.1 Assist the Construction Manager in the walkthrough process as requested.
Such requests may include:

3.2.1.1 Transmit all concerns to the Sub-Contractor for resolution and
provide copies to all team members.

3.2.1.2 Review corrective action responses from the Sub-Contractor and
provide feedback to the Construction Manager and the Project ES&H
Coordinator.

3.2.1.3 Track responses to action items (in a formal database, daily/weekly
logs or construction meeting minutes).

3.2.1.4 Document & distribute closeout-meeting minutes.
3.3 ES&H Section Representative
3.3.1 Provide technical support relative to safety issues.
3.4 Project ES&H Coordinator
3.4.1 Participate in walkthroughs keeping an eye especially toward safety issues
that would impact installation and operational activities that will follow

construction.

3.4.2 Provide feedback from walkthroughs and closeout meetings directly to the
Project Manager.

Procedure

4.1 The Construction Manager (CM) will identify the time and frequency of the
walkthrough.

4.2 The CM will develop an agenda for the walk-through and identify any specific areas
to focus on. Appendix A should be used as guidance. Trying to cover a broad
spectrum of programs or activities may result in specifics being missed. This is
especially true for a larger project, or one covering more than one work site.
Interviews with subcontractor employees are encouraged.

Field observations from one visit may give rise to focused assessments at a future
date or provide justification for a formal audit.

4.3 CM will complete a closeout meeting with all participating organizations to discuss
results of the walkthrough and to discuss suggestions for possible corrective actions.



4.4 Document walkthrough results through meeting minutes that will be distributed to all
participating organizations.

4.5 Enter concerns and corrective actions into a database created for the specific project.
5.0 Corrective Actions
5.1 The walkthrough report shall be provided to the subcontractor for action.

5.2 The subcontractor shall identify corrective actions and completion dates. Corrective
actions shall be completed as quickly as possible.
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Appendix

ESH Assessment Guidance- Areas of Inquiry

1. Injuries or llInesses

2. General

Housekeeping

Garbage Containers
Emergency Phone #s Posted
Emergency Communication
Fence Condition

Gates

Signage on Fences and Gates
Whip Checks

Electrical Cords

GFCI’s

Gas Test Log
Machine/Equipment Guards
Lighting

Ladders

Explosive Storage
Oxy/Acetylene Storage
Scaffolding

2. Traffic Control
e Barricades

Traffic Signs

Flag Person

Vests

Flag

3. Shafts & Tunnels
e Hand held lights/Miners Lights
Lighting
Communication
Ventilation
Self Rescuers Present



Housekeeping
Air/Noise Testing
Signage
Barricades

Emergency Equipment

Fire Extinguishers

First Aid Kits

Oxygen

Blankets

Eye Wash

Infection Control

Medical Emergency Teams
Rescue Teams

Personal Protective Equipment
Hard Hats

Eye Protection

Hearing Protection

Foot Protection

Respiratory Protection

Hand Protection

Fall Protection Harness/Lanyard
Face Protection

Barrier Cream

Cranes

Inspections
Certifications
Anti-Two Blocks
Hook Latches
Perimeter Barricades
Glass

Horn

Fire Extinguisher
Rigging Equipment

Equipment
e Daily Inspections
e Glass



e Back-Up Alarm
e Fire Extinguishers
e Hydraulic Oil Leaks

Work Planning

H/A for Tasks Performed
Dail Huddles

Tool Box Meetings
Monthly ESH Meetings
Records/Log Reviews
LOTO



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:
Reviewer: February 14, 2013
. . Main
Project Number UIP ECP (If applicable) _ Duplicate
Print Mentu
6-10-22 - T | ==
Project Phase: R @

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.

Example: 02070 1.5.D.2 (Page 02070-2)
Comment:

RESPONSE

Project Contact Response:

Comment:

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

Mary Convery

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 a ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

1.1 pl last paragraph: To establish a base for these future muon experiments, the Muon
Campus is being developed to house these future experiments. The MC Beamline
Enclosure connects the Delivery Ring (previously known as the Pbar Debuncher Ring)
to both the Mu2e Detector Hall and Service Building and the MC-1 Building to house the
M-4 and M-5 beamlines.

RESPONSE

Project Contact Response:

Agree and will incorporate comments
Comment:

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

Mary Convery

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 ' ' '

Project Phase:
Comment and Compliance =.

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

1.3 p5: Under Project Director the responsibility to "secure any additional funding”
should fall to me (should probably add a heading for me as Program Coordinator)
2.2 pl7: typo Gg-2

2.2 p24: "Recovery Ring" -> Delivery Ring

2.5 p29: "2011 dollars" -> 20137

3.2 p40: typo "2015(FY14)"

3.5 p46: Particle Physics Division -> Accelerator Division

RESPONSE

Project Contact Response:
Agree and will incorporate comments
Comment:

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: June 20, 2001

Bill Shull

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O T a ]

Project Phase: R @

Design Phase e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

1) Drain trays with drains under heat exchangers provided?

2) Clean - in - place supply and return fittings provided?

RESPONSE

Project Contact Response:

Not Applicable
Comment:

[l believe this comment was entered in error.- JH] This comment Can you give me material
and size on the drain tray (ie, is it HX +2", how deep)?

There are no heat exchangers on this project. (TL)

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

Wayne Schmitt

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menti

6-10-22 ' ' '

Project Phase:

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

I note that the naming convention for the Muon Campus introduces potential confusion
with the already-existing Meson Center beamline, which is often abbreviated as "MC".
Although | believe the individual beamlines to be M1, M2, etc., collectively referring to
them as "MC Beamline Enclosures”, as is done on the Comment and Compliance email
message, should be avoided when possible.

RESPONSE

Project Contact Response:

Thank You for Reviewing this Project
Comment:

No comment

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 3, 2013

B. Schopp

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 = ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

No comment at this time.

RESPONSE

Project Contact Response:

Thank You for Reviewing this Project
Comment:

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

David Baird

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 = ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:
One comment:
Several of the links to the reference documents in Appendix B on page 70 are broken

and require updating.

| have sianed the ESH&O Desian Review Traveler.

RESPONSE

Project Contact Response:

Agree and will incorporate comments
Comment:

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

Gerald Annala

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 = ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:
Section 2.2 states that Mu2e will relocate ICW and DWS lines as well as an electrical
duct bank from Giesse Rd. substation prior to beam line excavation. | don't believe

either of these are true. Mu2e does not expect to have CD3 approval until the middle of
FY15.

RESPONSE

Project Contact Response:

Disagree for Reasons Noted Below
Comment:

Mu2e site work planned to start July of FY14.

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

Gerald Annala

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 = ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

The Integrated Project Team Responsibility Matrix should contain a column for the
Muon Campus Program Manager (Mary Convery). She should be listed under the
Integrated Project team. Suggestions for entries in the new column and how they
should be shared with the Fermilab Project Director are being sent to the Project
Manager.

RESPONSE

Project Contact Response:

Agree and will incorporate comments
Comment:

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

Gerald Annala

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Mentu

6-10-22 - T | ==

Project Phase: R @

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

The M4 line magnet table shows the extraction Lambertson and extraction C-magnet
being part of an AIP. These are actually installed by the g-2 project.

RESPONSE

Project Contact Response:

Thank You for Reviewing this Project
Comment:

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: April 22, 2013

Chris Jensen

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Mentu

6-10-22 - ' '

Project Phase:
Comment and Compliance =.

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4
specification Reference. PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
2.2.3 (Page 24) Example: 02070 1.5.D.2 (Page 02070-2)
Comment:
High efficiency lighting does not generally work in beam line enclosures. The radiation
destroys electronics. It is expensive to retrofit and old fashioned magnetic ballast light
is apparently more expensive than high efficiency lighting these days. The project call
for high efficiency would seem to be in conflict with this unless explicitly stated as an
exception or a radiation hardness requirement is added.

RESPONSE

Project Contact Response:
Thank You for Reviewing this Project

Comment:
Magnetic ballast are no longer available. The only lights that we can find that are non-
electronic and cost effective are standard bulbs incandescent. These bulbs also will be
available for a finite amount of time but is the only solution provided by the FESS/Eng.
electrical engineer.

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

Amber Kenney

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 V| Tl E—

Project Phase: R @

Comment and Compliance e ; -

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4
Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
2.3.4 Example: 02070 1.5.D.2 (Page 02070-2)
Comment:

Paragraph 2.3.4 infers that the NEPA review is yet to be done. But the NEPA review has
been completed for the MC beamline enclosure. It was included as part of the Mu2e and
MC1 Building review. A CX was approved by FSO on 6/12/12: https://esh-docdb.fnal.
gov:440/cgi-bin/RetrieveFile?docid=2112;filename=1%20Muon%20Campus%20NEPA-CX
%20Approval%20June%20CY2012.pdf;version=1.

| also support the other comments about 'Muon Campus beamline' beina confusina with

RESPONSE

Project Contact Response:

Agree and will incorporate comments
Comment:

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

Mary Convery

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 a ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

OR DETAIL REFERENCE. Example: A-1, Detail 4
Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
3.2.5 Example: 02070 1.5.D.2 (Page 02070-2)
Comment:

| would like to see the milestone for Construction Complete fall within the window
necessary in order to not delay Mu2e or g-2. If that date slips, the Muon Campus
Program will be in trouble with the DOE regardless of whether the GPP specifically is in
trouble with the DOE.

RESPONSE

Project Contact Response:

Disagree for Reasons Noted Below
Comment:

The included milestones include a full range of contingencies

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: April 23, 2013

T. Leveling

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 - il | ==

Project Phase: R @

Design Phase e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

6-10-22 OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

The shielding over the M5 line has not been reviewed to determine if it is adequate. The
main question is whether or not losses in the M4 line can penetrate the M5 beam line
berm and/or the MC-1 service building through shallow angles relative to the beam
direction.

RESPONSE

Project Contact Response:

Agree and will incorporate comments
Comment:

Will add comment that the shielding may change after it has been evaluated.

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: April 23, 2013

Gary Lauten

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 = ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

C-1, S-1 through S-10 OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:
| cannot review these drawings without a preliminary shielding assessment. A

preliminary shielding assessment would provide me the basis for determining if these
plans are sufficient for radiological purposes.

RESPONSE

Project Contact Response:

Agree and will incorporate comments
Comment:

Will add comment that the shielding may change after it has been evaluated.

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

D. Cossairt

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 = ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

General OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:
The drawings included with the package show specific amounts of radiation shielding.
This project has not undergone a complete design and a review by the Shielding
Assessment Subcommittee. This is required before the design is finalized.

RESPONSE

Project Contact Response:

Agree and will incorporate comments
Comment:

Shielding assessment drawings will be developed and will require approval for construction
prior to notice to proceed.

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

D. Cossairt

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 = ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

General OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

This is a comment about nomenclature. Using the abbreviation "MC" to denote a feature
of the Muon Campus makes total sense except for the fact that it is also the designation
of designation of a Fermilab 120 GeV beamline that is currently active, M-Center.

RESPONSE

Project Contact Response:

Thank You for Reviewing this Project
Comment:

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

James Morgan

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 = ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION

None OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

Beamline magnet lists in section 2.2 that were made by me show magnets that will be
outside of the new tunnel enclosures. If that's not what you want, | will be willing to
make new lists that show which tunnel enclosure they can be found in.

RESPONSE

Project Contact Response:

Thank You for Reviewing this Project
Comment:

Date Printed: 5/10/2013 FESS 05/01



Fermilab

FESS/Engineering

Please ensure that your review included a review of the project for appropriateness of the
proposed systems, impacts on existing systems and operations and specific technical
requirements to be incorporated into the design

o
L. 2

PLEASE ENTER THE FOLLOWING INFORMATION Comment Date:

Reviewer: May 2, 2013

James Morgan

Project Number UIP ECP (If applicable) _ Duplicate Main
Print Menu

6-10-22 O 7 = ]

Project Phase: R @

Comment and Compliance e ; e

COMMENT

Drawing Reference:
START WITH PAGE NUMBER FIRST FOLLOWED BY SECTION
S-6 thru S-10 OR DETAIL REFERENCE. Example: A-1, Detail 4

Specification Reference:
PROVIDE SPECIFICATION SECTION AND PARAGRAPH IF APPLICABLE.
Example: 02070 1.5.D.2 (Page 02070-2)

Comment:

Location of tunnel cable trays and utilities, as presently shown on the tunnel sections,
will likely lead to conflicts with how the beamline magnets are supported. The monorail
system at the downstream end of the M4/MuZ2e tunnel also may not work with the
proposed tunnel shielding for Mu2e commissioning. | would recommend a small
working group of FESS and AD personnel address these issues so that the drawings
will more closely represent what will eventually be built.

RESPONSE

Project Contact Response:
Response Incomplete, Additional Information to Follow

Comment:
The current drawing indicate scope for the justification of the cost estimate. During final
design the placement of the equipment will be further developed.

Date Printed: 5/10/2013 FESS 05/01





