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1. Introduction

Fermi National Accelerator Laboratory (Fermilab) builds and operates the particle
accelerators, detectors and other facilities that physicists need to carry out forefront
research in high-energy physics (HEP). Fermilab, located 40 miles west of Chicago, IL, is
owned by the U.S. Department of Energy (DOE) and managed and operated by Fermi
Research Alliance, LLC (FRA) under the DOE Contract No. DE-AC02-07CH11359. FRA
is a Universities Research Association/University of Chicago limited liability corporation
created specifically to manage and operate Fermilab. The DOE Office of High Energy
Physics (OHEP) within the DOE Office of Science (SC) operates the Fermilab complex of
accelerators, which includes the Neutrinos at the Main Injector (NUMI) facility. The NUMI
facility uses protons from a Main Injector accelerator complex to produce an intense
beam of neutrinos for use in long-baseline neutrino experiments designed to observe the
phenomena of neutrino oscillations and study the nature of neutrino mass. The NUMI Off-
axis electron neutrino (ve) Appearance (NOvA) experiment is such an experiment, and is
to be realized through the NOvA Project.

The purpose of the NOvVA project is:

e to fabricate the NOvA near (on the Fermilab site) and far (on the Ash River, MN
site) detectors in a state ready to take data.

e to provide a detector hall at the Ash River, MN site to house the far detector.

e to upgrade the Fermilab Main Injector and Recycler accelerator facilities and the
NuMI beamline facility to support NOvA.

The DOE SC Director Raymond L. Orbach approved Critical Decision-Zero (CD-0),
Mission Need, in November 2005 and CD-1, Alternative Selection and Cost Range, in
May 2007. The project completed DOE Independent and External Independent Reviews
in fall of 2007, in support of CD-2 validation and approval of the project baseline. In
December 2007 Congress passed the FY08 Omnibus budget, which reduced DOE Office
of Science and High Energy Physics budgets, resulting in a zeroed FY08 funding
allocation for some specific DOE Science project work, including NOvA. The CD-2
process was postponed, and the project adjusted the baseline plan within a subsequently
revised funding profile and schedule to support project continuation in FY09. These
revisions were subject to further DOE independent and external follow-up review. Under
the revised plan, construction is planned to start in FY 2009 and Project Completion, CD-
4, will be achieved in early FY 2015.

This Project Execution Plan (PEP) summarizes the mission need that the project meets,
its objective and scope, the Department of Energy (DOE) and project management
structure and responsibilities for executing the project, the high-level Work Breakdown
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Structure (WBS), the resource plan, environmental, safety, and health (ES&H)
requirements and management, and other management systems and processes used for
managing the project. In addition, the PEP establishes the technical, cost, and schedule
baseline and change control levels.

The project is being executed by FRA and Fermilab, in coordination with the University of
Minnesota, a major participant in the NOvA research program. The NOvA Project
Management Plan (PMP) describes the organization and systems that Fermilab will
employ to manage the execution of the project and report to DOE. The PMP also
establishes and references the more detailed baseline information and lower-tier
milestones against which Fermilab and the DOE NOvA Federal Project Director (FPD)
will measure project performance. The NOvA PMP is approved by the FPD. The PEP will
be the authoritative document. Should any conflicts be found between the PEP and the
PMP, the PEP will be followed.

The PEP is approved by the DOE Acquisition Executive (AE), which is the Director of the
DOE Office of Science. Revisions to the PEP that are required to incorporate baseline
change actions are considered to be approved by virtue of the corresponding baseline
change approval. Approval of revisions to this PEP that are not associated with baseline
change controls has been delegated to the FPD. Changes to this PEP will be coordinated
between the FPD, NOvA Project Manager and NOvA Program Manager.

2. Mission Need & Scientific Objectives

The mission of the HEP program is to explore and to discover the laws of nature as they
apply to the basic constituents of matter and the forces between them. The core of the
mission centers on investigations of elementary particles and their interactions. Among
the currently known elementary particles, the least well understood is the neutrino. In
November 2005 DOE approved the mission need (CD-0) for an accelerator-based
electron neutrino appearance experiment to measure neutrino mixing and to probe the
neutrino mass hierarchy. The NOvA experiment has been selected to meet that mission
need, utilizing and capitalizing on the existing NUMI facility at Fermilab. The NOvVA
experiment will enable study of the pattern of neutrino masses and the details of neutrino
mixing by using the NUMI facility to provide an intense flux of neutrinos to the NOvA far
detector in Ash River, MN. The only existing DOE facility capable of producing the
neutrino beam required to study the pattern of neutrino masses and the details of neutrino
mixing is the NuMI facility.

A coordinated neutrino program developed from an American Physical Society study and
a joint HEPAP/NSAC Advisory subpanel review includes the NOvA Detector. The

National Academy of Sciences “EPP2010” report recommended a diverse HEP program
using a variety of tools to attack the exciting opportunities in elementary particle physics,
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including a staged internationally coordinated program in neutrino physics. One of those
opportunities, the observation of muon to electron neutrino oscillations, can be met by this

project with a new detector optimized to detect electron neutrinos, namely the NOvA
Detector.

The NOvA detector will permit the experimenters to study neutrino oscillations, in
particular, to search for the oscillation of muon-type neutrinos (v,) to electron-type
neutrinos (ve). If these oscillations can be observed then the experimenters may be able
to determine the mass-ordering of the neutrinos and to observe Charge Parity (CP)
violation in the neutrino sector. Determination of the mass-ordering is a unique
contribution made possible by NOvA’s very long baseline (i.e. the distance between
Fermilab, the source of the neutrinos to be studied, and Ash River, MN, the location of the
NOvA far detector). This distance is 810 kilometers or 503 miles—see Figure 1.1

Figure 1.1: Map of the central United States showing Fermilab, the path of neutrinos
through the earth from the NuMI beamline, and the NOvVA Far Detector site at Ash River,
MN.
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The significance of the search for these long-baseline off-axis neutrino oscillations is that,
if they exist, we will ultimately be able to determine the mass ordering of the neutrino
masses and determine if neutrino oscillations violate CP. There is good reason to believe
that the very small neutrino masses are related to physics at an extremely high-energy

3
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scale that cannot be studied directly with accelerator beams. There is also theoretical
speculation that CP violation by neutrinos could be one of the key ingredients necessary
to understand why the Universe is composed solely of matter, rather than equal amounts
of matter and antimatter. NOvA is competitive with any currently proposed experiment in
its sensitivity to observe the oscillation of muon-type to electron-type neutrinos. NOvA
has the unique capability of having significant sensitivity for determining the mass-
ordering.

3. Project Description

A project description and general technical goals of the NOvA Project are presented
below. The basic objective is to produce near and far detectors that can perform the state
of the art study of neutrino oscillations outlined above, and to complete accelerator and
beamline upgrades needed to support this. The existing NUMI beamline facility is used in
a new way by placing the NOvA detector at an angle of 14.6 milliradians off the beam
axis to obtain a muon neutrino beam sharply peaked at an energy of ~2 Giga-electron
volts (GeV).

Detailed descriptions of the accelerator and detector systems and technical goals are
found in the Technical Design Report (TDR) for the NOvA Project. The TDR was
developed from Conceptual Design Reports (CDR) for the detector and for the
accelerator and beamline upgrades. Compared to the CDR material, value-engineering
studies have been completed and incorporated into the performance baseline.

3.1 Project Components
The NOvA Project consists of four main elements:

1. An upgrade of the Fermilab accelerator complex and NuMI beamline. The
capability to deliver a 700 kW proton beam to the NuMI target will be made possible
by reducing the Main Injector cycle time from 2.20 seconds to 1.33 seconds. The
Main Injector cycle time is currently limited by the time required to load 11 booster
batches into the Main Injector. That time can be reduced by first loading the booster
batches into the Recycler Ring and then transferring beam from the Recycler Ring to
the Main Injector in the time required for just one booster batch. To effectively convert
the Recycler Ring from an 8 GeV anti-proton storage ring to an 8 GeV proton storage
ring, new proton injection and extraction lines will be built using four new kicker
systems and recycled magnets. The Main Injector cycle time will be further reduced
via the addition of two additional RF cavities. The NuMI neutrino line will be upgraded
to handle the increased beam power with small changes to the primary beamline and
upgrades to cooling systems. The NuMI Target Hall will be changed to the medium
energy neutrino beam configuration. This requires that a new target be constructed
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and that horn 2 be moved downstream from its current position.

2. A 14,000-ton (14 kiloton) Far Detector. The NOvA Far Detector must be capable of
identifying electron neutrino interactions above a background of muon neutrino
interactions in the presence of a continuous flux of cosmic rays. The detector will be
composed of extruded rigid Polyvinyl Chloride (PVC) plastic with a cellular structure.
The PVC extrusions will be filled with liquid scintillator that comprises the active
medium. Light produced in the liquid scintillator is captured in wavelength-shifting
optical fiber and transmitted to avalanche photodiodes that convert optical signals into
electrical signals. The electrical signals from the avalanche photodiodes are digitized
by the front-end electronics and routed to a data acquisition system that records
interesting events for future analysis.

3. A Far Detector Hall built in Ash River, MN. The Far Detector Hall must house a
NOvVA Far Detector as large as 18,000 tons. It must also provide the space required
to assemble the detector and the services and controlled environment required to
assemble and operate it. The selected site, 810 kilometers or 503 miles from
Fermilab, optimizes the physics sensitivity of the experiment. Most of the Far Detector
Hall will sit below grade. The exposed East, West and South sides as well as the top
of the building must be shielded from the electromagnetic component of cosmic rays.

4. A Near Detector. A Near Detector is required to measure backgrounds to the
electron neutrino appearance signal in the Far Detector. The backgrounds must be
measured before the beam can oscillate, so it must be located relatively near the
neutrino production target. The NOvA Near Detector will be installed in a new cavern
recess built into the existing NuMI tunnel on the Fermilab site, approximately 1 km
from the NuMI target. The Near Detector must be large enough to fully contain events
from neutrino interactions. The Near Detector will be assembled from the same
components that are used to construct the Far detector.

3.2 Technical Goals, Capabilities and Parameters

The sensitivity of NOvA depends on the product of the number of protons on target and
the mass of the far detector. Based on the number of protons expected on the NuMI
target in a several year run and the overall detector efficiency, a NOvA detector mass of
14 kilotons (kt) is considered a cost-effective design to meet the mission need. The
combination of protons on target and detector mass makes NOvA the most sensitive
proposed experiment for all of the physics objectives described above. The sensitivity
increases with increased detector mass, or, for a given detector mass, with a longer data
run, or more protons-on-target. The hall that houses the NOvA Far Detector is being
sized to accommodate a larger detector mass, to allow for the potential of increasing the
mass.
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The NOvA detector must be capable of observing muon neutrino (v, ) to electron neutrino
(ve) oscillations by observing the interaction of the ve in the active detector and identifying
the associated electron. Electrons appear in the detector as “fuzzy” tracks due to the way
the electromagnetic shower evolves in the low Z material from which the detector is
constructed. The detector must further be able to distinguish electron tracks from muons
and pions that appear as background. An additional background results from v¢'s that are
produced from the decays of pions and kaons produced in the NuMI target rather than
from v, to ve oscillations that take place over a long baseline. The NOvA near detector
will be used to measure the v. content of the beam off-axis from the NuMI target and
extrapolate that background to the far detector.

To meet the scientific and technical objectives for the NOvA experiment a significant
neutrino flux must be provided along with a detector of sufficient size and capability at the
specified location. Key performance parameters to meet these objectives are listed here:

Key Performance Parameters NOvA Performance

Proton Beam Power Capable of 700 kW to NUMI Target
Near Detector Mass 0.2 kt

Long Baseline Distance 810 km

Detector Angle Off-Axis 14.6 mr

Far Detector Mass 14 kt

These and other performance parameters and requirements expected to be achieved to
meet the objectives are described further here:

e A 14 kiloton Far Detector will be assembled from PVC extrusions and liquid scintillator,
as described in Section 3.1 and housed in a building that provides full secondary
containment. The Far detector must have good resolution for reconstructing the
energy of both electrons and muons. The Far Detector will be located 810 km from
Fermilab, 11.8 km and 14.6 mr off the central axis of the NuMI beam. The distance
from Fermilab optimizes the rate of neutrino oscillations and the distance/angle off the
beam axis results in a narrow-band beam that minimizes backgrounds to the electron
neutrino appearance signal.

e The data acquisition system must be able to record all hits that are present in the
detector during the NuMI beam spill and it must be able to record a fraction of the
cosmic ray activity between spills for calibration purposes.

e A 0.2 kiloton Near Detector will be constructed from the same materials as the far



NO VA Project Execution Plan

detector. It must also be sited off the central axis of the NuMI beam, at the same
angle as the Far Detector, and be oriented normal to the off-axis beam in the
transverse direction. Because of the Near Detector’s proximity to the NuMI target it
must be able to operate in a higher rate environment than the Far Detector. The Near
Detector must have full secondary containment to capture any liquid scintillator that
may leak from the extrusions.

e The Accelerator and NuMI Upgrades portion of the NOVA Project will be capable of
delivering 700 kW of proton beam power to the NUMI target -- it is designed to deliver
6 x 10%° protons per year to the NuMI Target and a total of 36 x 10%° delivered protons
over a projected six-year run. This combination of accelerator performance and
detector capabilities will allow NOvVA to measure or set a limit on the probability for
muon neutrino to electron neutrino oscillations down to a value that is ten times
smaller than the existing experimental limit.

4. Management Structure and Responsibilities

SC is the DOE office responsible for the NOvA Project, and SC’s OHEP provides funding
for the project via approved financial plans and, in part, through a DOE Cooperative
Agreement (CA) with the University of Minnesota, that includes work at the Ash River, MN
site. As Managing & Operating (M&O) contractor for Fermilab, FRA is responsible to DOE
for carrying out the NOvA Project and providing for coordination as needed with the
University of Minnesota. FRA and Fermilab, in coordination with the University of
Minnesota, have responsibility for NOvA Project research and development, design,
construction and transition to operations activities. The project team will coordinate
project activities as needed with on-going Fermilab operations as well as other potential
projects and efforts also located on the Fermilab site. The roles and responsibilities of the
participants are summarized in the following sections.

4.1 NOvA Integrated Project Team

The NOvA Integrated Project Team (IPT) is a multi-disciplinary team, consisting of
personnel from DOE, Fermilab and other institutions responsible for execution of the
project. The IPT is led by the NOvA Federal Project Director (FPD), a DOE Fermi Site
Office (FSO) employee, who has the authority for day-to-day implementation and
direction of the project. The FPD is supported by the NOvA Project Manager and works
closely with the DOE NOvA Program Manager from the DOE Office of High Energy
Physics, who provides programmatic guidance and direction. The FPD is also supported
overall on the project by a Deputy FPD (DFPD). The DFPD will also provide dedicated
oversight of the project’s integration with the Cooperative Agreement activities. The NOvA
Project Manager has the primary responsibility of completing the project within the
approved scope, budget and schedule and ensuring that the project’s technical goals
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support the planned physics program. Project Level 2 managers are assigned
responsibility for each WBS element described in section 5 and report to the Project
Manager.

To acquire the multi-disciplinary support necessary, the FPD and IPT utilize support from
FSO, the DOE Office of Science Chicago Integrated Support Center (CH), Fermilab, and
the institutions participating in the project. The areas of support include environment,
safety & health (ES&H), legal, business (e.g. procurement, budget and funding
administration, accounting), project management (e.g. project controls and reporting),
quality assurance and technical (e.g. in the area of particle physics accelerator and
detector R&D, fabrication and construction).

The specific technical and managerial expertise to design, fabricate, construct,
commission and operate the NOvA accelerator and NuMI upgrades, detectors and
support infrastructure resides at the laboratories and universities participating in the
NOvVA collaboration. The NOvA Project Manager, a Fermilab employee, leads the project
management team consisting of the level 2 managers and the NOvA Project Office at
Fermilab. The NOvA Project Manager coordinates all necessary project support from
Fermilab in the areas of business, procurement, legal, ES&H and other Fermilab
Division/Section support as needed.

The NOvA Project Manager is the primary project interface with NOvA collaboration
spokespersons and management, and the institutions providing project deliverables. This
includes in particular the CA recipient, the University of Minnesota, responsible for
fabrication of the far detector enclosure building in Ash River, MN. This interface will be
managed to ensure coordinated execution of authorities among the parties, and to
maintain adequate communications, work authorizations and flow, and project controls
and reporting to cover design, construction and oversight activities. The CA recipient (the
University of Minnesota Principal Investigator) is a member of the IPT.

An IPT Charter and a list of members are included as Appendix 1. As the project
progresses, membership of the IPT will change as needed.

The DOE organization for the NOvA Project is shown in Figure 4.1. Each of the major
organizational elements is discussed below the figure.
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Figure 4.1
NOvVA Project Management
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Legend
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Support  -------

4.2 Office of Science (SC)

The Director of SC (SC-1) will serve as the Acquisition Executive (AE) for this project. As
such, SC-1 has responsibility for project planning and execution, for establishing broad
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policies and requirements for achieving project goals, and for approving any delegations
of authority related to the project. Specific responsibilities for this project include:

Chairs the ESAAB Equivalent Board

Approves Critical Decisions

Approves Level 0 baseline changes

Approves the Acquisition Strategy

Approves the Project Execution Plan

Delegates approval authority for any of the above, as appropriate

For the NOvA Project, the AE has delegated authority for all Critical Decision 3 and 4
(CD-3 and CD-4) approvals to the Associate Director for the Office of High Energy
Physics.

4.3 Office of High Energy Physics (OHEP)

Within the Office of Science, the OHEP has overall DOE responsibility for the
development of HEP programs and facilities. OHEP is the lead program organization for
the NOvA Project. The prime headquarters point of contact for the project will be the

NOvA Program Manager, an OHEP employee who is appointed by the Associate Director
(AD) of OHEP.

The responsibilities of OHEP relating to the project include the following:

Participate and concur in annual budget process;

Review the PEP and substantive changes to it;

Review the initial cost, schedule, and technical baselines;

Approves Critical Decisions 3 and 4;

Approve Level 1 baseline changes and review and provide recommendations to
Level O baseline changes;

Monitors Level 2 baseline changes;

Perform project management reviews on a roughly semiannual basis;

Ensure that funding is provided on a timely basis;

Coordinate project needs within DOE headquarters;

Execute responsibilities as necessary regarding DOE involvement or technical
direction concerning the Cooperative Agreement with the University of Minnesota
and integration with the project, and

e Coordinate with, and provide programmatic direction as needed to, the DOE NOvA
FPD.

10
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4.4 Fermi Site Office and SC Integrated Support Center

FSO is the responsible DOE office on site at Fermilab that administers the M&O contract
and provides day-to-day DOE oversight of the laboratory. The FSO Manager has
assigned the DOE NOvA Federal Project Director and the Deputy Federal Project
Director the authority for day-to-day implementation and direction of the project. FSO
support includes a warranted contracting officer, support in business management (e.g.
local procurement expertise), coordination of ES&H team support as needed (e.g. NEPA,
safety assessment and operational awareness), and management oversight and support
of the FSO NOvVA project team. The Office of Science Integrated Support Center (CH)
provides support to the Fermi Site Office (FSO), e.g., in the areas of legal, ES&H,
financial and procurement. CH also administers the CA with the University of Minnesota,
in conjunction with DOE OHEP, for some of the project activities at the Ash River Site.

4.5 DOE NOvA Federal Project Director

The management responsibility, authority, and accountability for execution of the project
have been assigned to the DOE NOvA Federal Project Director (FPD). The DOE NOvA
FPD receives guidance and direction from the OHEP and serves as the principal point of
contact for DOE headquarters on issues specific to the project.

Specific responsibilities of the DOE NOvA FPD are:

e Serve as Integrated Project Team lead in coordination and implementation of the
Acquisition Strategy and PEP;

e Ensure timely completion and quality of required project documentation and other
deliverables;

e Provides overall project management oversight, assesses contractor project
performance versus plan and requirements, and reports project performance to
DOE management (FSO, OHEP and SC);

e Coordinate with the FSO Manager and Contracting Officer regarding approval of
procurement actions performed by Fermilab in accordance with DOE thresholds;

e Approves or reviews and recommends approval of baseline changes in
accordance with the approved baseline change control process;

e Coordinates Level 0 and 1 baseline changes with the NOvA Program Manager;

e Monitors contractor’s risk management efforts;

e Ensures that project complies with applicable Environment, Safety and Health
(ES&H) requirements;

e Coordinate updates of the budget and communication with OHEP and project
management;

e Submit quarterly reports and other reports on the status of the project for DOE
management as required in this Project Execution Plan and applicable DOE
requirements such as the DOE Project Assessment & Reporting (PARS) system;

11
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e Execute responsibilities with the NOvA Program Manager and Project Manager as
necessary regarding DOE involvement in the Cooperative Agreement with the
University of Minnesota, and integration with the project;

e Aid in the compliance of the NOvA Project with appropriate DOE requirements,
and contracting regulations;

e Participate in and provide support for the program peer reviews, independent and
external reviews by oversight committees for validation of the project and review of
project performance.

4.6 DOE NOvA Deputy Federal Project Director

The DOE NOvA Deputy Federal Project Director (DFPD) supports and reports to the

DOE NOvA FPD for matters concerning the NOvA Project. Specific responsibilities of the
DFPD are:

e Support the FPD in executing the functions and responsibilities above;

e Represent the NOvVA Project in all functions and responsibilities above when the
FPD is not available;

e Maintain particular interface and communication with the NOvA Level 2 manager
for WBS 2.1 Site and Building and the Fermilab Facilities Engineering Services
Section to monitor progress and status to help assure that efforts are integrated
sufficiently with the larger project.

¢ In cooperation with the NOvA Level 2 manager for WBS 2.1, keep the NOvA
Project Manager and FPD informed in a timely manner of any significant events or
issues concerning WBS 2.1 Site and Building task and integrated construction
team activities under the Cooperative Agreement (CA).

e Execute responsibilities with the NOvA Program Manager, FPD and Project
Manager as necessary regarding DOE involvement in the CA with the University of
Minnesota, and integration with the project;

4.7 Fermi National Accelerator Laboratory

The Fermi Research Alliance, LLC. (FRA) manages and operates Fermilab for DOE
under the terms and conditions of a performance based contract. FRA has provided the
Laboratory Director with the overall responsibility for all projects, programs, operations,
and facilities at Fermilab. Fermilab will have the responsibility of completing the NOvA
Project within the technical, schedule, and cost baselines defined in the PEP.

The NOvA Project Office performs management and oversight of the NOvA Project. The
head of the Project Office is the NOvA Project Manager. The NOvA Project Manager
provides oversight, coordination, management, and direction of the NOvA Project. The
NOvVA Project Manager has the responsibility and authority for delivering the project
scope on schedule and within budget. The Project Manager has the day-to-day

12



NO VA Project Execution Plan

responsibility for managing the Project Office. The NOvA Project Manager is appointed
by the Director of Fermilab, with the concurrence of the NOvA collaboration, and reports
to him/her. Other details of the roles and responsibilities of the NOvA Project Manager
and the project management team can be found in the NOvA PMP.

The NOvA Deputy Project Manager reports to the NOvA Project Manager and represents
the NOvVA Project in all functions when the Project Manager is not available, including
budget authority. The Project Manager may delegate specific duties to the deputy. The
Deputy PM is appointed by the PM with the concurrence of the NOvA collaboration and
the Fermilab Director.

The NOvA Associate Project Manager reports to the NOvA Project Manager. The Project
Manager may delegate specific duties to the associate. The Associate PM is appointed by
the PM with the concurrence of the NOvA collaboration and the Fermilab Director.

Fermilab’s organization for the NOvA Project is shown in Figure 4.2. Fermilab has
developed procedures to support the project office in its work and to ensure good
coordination between the project and the rest of the lab. In the Fermilab Directorate is the
Office of Project Management Oversight (OPMO) whose purpose is to increase the
visibility of and the attention devoted to large projects and to ensure their completion on-
time and within budget while delivering the agreed upon scope. The role and functions of
the OPMO include: providing assistance in the planning, preparation, execution,
monitoring, review, assessment, and management of large projects within the laboratory.
The OPMO reports to the Deputy Director of Fermilab.

The Fermilab Director has delegated to the Associate Director for Research the direct
laboratory oversight and management of the NOvA Project. He/she is assisted in this
responsibility and advised by the Associate Director for Accelerators, who holds primary
responsibility for oversight of the upgrade and modification of accelerator facilities within
the NOvVA Project. The Associate Director for Research of Fermilab chairs the NOvA
Project Management Group (PMG) that meets as required to monitor the progress of the
project, and the Associate Director for Accelerators serves as deputy chair of the PMG.
The primary task of the PMG is to provide coordination between the project and the rest
of the lab. The group normally consists of the NOvA Spokespersons, the NOvA Project
Manager, Deputy and Associate, and the Heads of participating Divisions and Sections,
Laboratory Management personnel, and other representatives of Fermilab and NOvA.
Any conflicts between the project and the rest of the lab are identified and resolved
through the PMG. These can include resolving schedule conflicts and setting priorities on
the use of skilled manpower.

The NOvA PMP parallels the DOE PEP. It documents Fermilab’s plan for carrying out the
project. It has lower level details such as level 2 and lower milestones, the detailed
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procedures for running the project, and it further describes the roles and responsibilities of
the NOvA Project Manager, Fermilab, the funding agency, advisory groups and the NOvA
collaboration.

4.8 University of Minnesota

The University of Minnesota is the recipient of a DOE Cooperative Agreement (CA) award
to support collaborative research and development in neutrino physics, including work on
the NOvVA Project. For the NOvVA Project, the University is responsible to acquire land,
prepare the site and construct the access road and building required for the far detector
laboratory in Ash River, MN. The University coordinates this work with the DOE and
Fermilab NOvA Project Management, with periodic agreement on detailing tasks to be
completed, and on schedules and funding for each task, and with periodic reports on
progress. The University provides information for the development of baseline task
funding and schedules, that become an integrated part of the NOvA project baseline
under the Total Project Cost.

The CA requires the development of a specific Memorandum of Understanding (MoU)
between Fermilab and the University of Minnesota to document the procedures to
achieve the close integration and coordination on the project. The CA and MoU are
further discussed in section 8.2.
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Figure 4. Management relationships between the project, lab, and collaboration.
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5. Work Breakdown Structure (WBS)

The technical description and WBS Dictionary for the NOvA Project is presented in the
NOvVA Project TDR. The TDR describes the principal components of the NOvA
experiment and serves as a reference for the following descriptions of subsystems.
Subsystems are the basis for defining the high-level WBS of the project. Installation is
included as part of the project. Further details of the WBS are also available in the PMP
and resource-loaded cost and schedule materials.

The major Subsystems that comprise the Project scope are represented at WBS Level 2.

WBS 2.0 Accelerator and NuMI Upgrades
WBS 2.1 Far Detector Site and Building
WBS 2.2 Liquid Scintillator

WBS 2.3 Wavelength Shifting Fiber
WBS 2.4 PVC Extrusions

WBS 2.5 Extrusion Modules

WBS 2.6 Front-End Electronics

WBS 2.7 Trigger/DAQ

WBS 2.8 Near Detector Assembly
WBS 2.9 Far Detector Assembly

WBS 2.10  Project Management

The task-based WBS extends downward through several additional levels to facilitate

cost, schedule and resource planning. The WBS Level 2 structure for the NOvA Project
is described below.

WBS 2.0 Accelerator and NuMI Upgrades
This level 2 summary element includes the final design, procurement, QA,
construction, installation and testing of components necessary for accelerator
improvements in the Main Injector and Recycler accelerators, and beamline/target
hall improvements at the NuMI facility needed for 700 kW operation using a medium
energy neutrino beam.

WBS 2.1 Far Detector Site and Building
This level 2 summary element covers the design and construction of the Site and
Far Detector Enclosure and Building.

WBS 2.2 Liquid Scintillator
This level 2 summary element covers the procurement, production, QA and shipping
of the liquid scintillator required by the project for both the Near and Far Detectors.

WBS 2.3 Wavelength Shifting Fiber
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This level 2 summary element covers the procurement, QA and shipping of
wavelength shifting fiber.

PVC Extrusions
This level 2 summary element covers the procurement, QA and shipping of the PVC
extrusions.

PVC Modules

This level 2 summary element provides for construction and QA of the PVC modules
for both the Near and Far Detectors and shipping of the completed and tested
modules to their respective detector sites.

Electronics Production

This level 2 summary element includes the Avalanche Photo Diode (APD) optical
sensors, the thermo-electric coolers for the APDs, the custom ASIC that amplifies
and multiplexes the APD signals, the ADC that digitizes the signals and the FPGAs
that zero suppress and time-stamps the data. Also included is the low-voltage
system for the TE coolers and the front-end electronics, the high voltage system for
the APDs and a cooling system to remove the heat from the TE coolers. These
systems will be provided for both the Near and Far Detectors.

Data Acquisition System

This level 2 summary element includes the hardware and software to record the data
to archival storage and to control and monitor both the Near and Far Detectors. It
includes the fiber, cable, switches and memory necessary to move and buffer the
data, a PC farm for online filtering, local disk storage, a system for moving data to
permanent storage at Fermilab, software and testing.

Near Detector Assembly

This level 2 summary element provides for the engineering design of the mechanical
devices and tooling needed to install the NOvA Near Detector. Fabrication of the
necessary tooling, installation and commissioning of the near Detector in its
underground location at Fermilab is also included.

Far Detector Assembly

This level 2 summary element provides for the engineering design of the mechanical
systems and tooling needed to install the NOvA Far Detector. Fabrication of the
necessary tooling, installation and commissioning of the detector in the far detector
building in is also included.

Project Management

This Level 2 summary element consists of reviews, reports, site visits, local
supervision, running technical board meetings, standards preparation, tracking and
analysis, schedule preparation, tracking and analysis, change control. It also
includes procurement of relevant software and computers, the cost of running the
project office and the salaries of non-scientists working on the project.
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The table below provides a breakdown showing the NOvVA institutions contributing to the
various WBS tasks.

Table 5.1 Breakdown of NOvA institutions contributing to the various WBS tasks.

WBS | Description Contributing Institutions

20 Accelerator and NuMI Upgrades Fermilab

2.1 Far detector Site and Building Fermilab, Minnesota

2.2 Liquid Scintillator Fermilab, Indiana, Southern Methodist University

2.3 Wavelength Shifting Fiber Michigan St., Caltech, UCLA. UT-Dallas

24 PVC Extrusions Argonne, Fermilab

25 Extrusion Modules Minnesota

2.6 Front-End Electronics Caltech, Fermilab, Harvard, Indiana, Minnesota,
Virginia

2.7 Trigger/DAQ Caltech, Fermilab, Harvard, Minnesota, Virginia

2.8 Near Detector Assembly Argonne, Fermilab, Minnesota

29 Far Detector Assembly Argonne, Fermilab, Minnesota, Tufts

210 Project Management Argonne, Caltech, Fermilab, Harvard, Indiana,
Michigan St., Minnesota

6. Resource Plan

NOvVA will be predominantly funded by the Department of Energy as a Major Item of
Equipment (MIE) project. The planned resources from the DOE SC OHEP to support the
performance baseline are listed below, subject to the annual Federal appropriations
process. The project will respond to risks or opportunities if the DOE funding profile is
changed, employing mitigation strategies if funding is reduced or delayed, or working to
advance the project schedule if funding is increased in any given year.

Table 6.1
Planned Funding Profile to Support

NOvA Performance Baseline TPC

AY $M [Prior Yrs [FY FY FY FY FY FY Total
FY 06-07 [2008 [2009 [2010 [2011 [2012 [2013

TEC 1.00 0 7.00 34.00| 63.48 51.24( 32.08 188.80

OPC 15.86] 1.60| 30.00] 34.00] 7.74 0 0 89.20

TPC 16.86] 1.60] 37.00] 68.00| 71.22| 51.24] 32.08 278.00
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The funding in table 6.1 is planned to cover the NOvA Total Project Cost (TPC). It
includes MIE funding, which is the maijority of the funding and represents the Total
Estimated Cost (TEC), as well as operating funds to cover Other Project Costs (OPC).
The sum of TEC and OPC make up the TPC. The TEC is all of the MIE funded
equipment, detector and accelerator fabrication costs, which is the majority of the project.
The OPC covers operating funded project Research & Development (R&D), operating
activities, and far detector experiment hall fabrication under the cooperative agreement
(CA).

The approved Acquisition Strategy to rely on a CA with the University of Minnesota for
fabrication of the far detector experiment hall is a very sensible approach to construction
for the NOvVA project. This strategy is expected overall to reduce risk to the project by
relying on the University as an experienced partner with Fermilab, and an institution with
proven performance in the planning, design and construction of buildings and facilities on
the same scale as the NOvVA far detector experiment hall. The potential risks due to
integration and coordination of efforts with the project are recognized, however, and will
be addressed through an integrated construction team of the project and University,
which is further discussed in section 8.2.

Since the CA supported project activities do not involve acquisition of land or land rights,
construction on a DOE-owned site or construction of a DOE-owned building (the
University of Minnesota will lease or own the land and own the building in Ash River, MN),
and since the University is not acting as a DOE construction contractor, the traditional
category of “TEC” as defined in DOE O 413.3A does not apply to this part of the project.
Therefore the CA portion of the project, supported by operating funds, is categorized as
OPC.

DOE OHEP provides funding for the project directly through approved Laboratory
financial plans, and to the University of Minnesota through the CA, covering specified
budget periods (generally annually) under the terms of the CA. Based upon the project
progress, the communication and coordination of the integrated construction team, and
overall project needs, the NOvA Project Manager and FPD can carefully consider the split
between the TEC and OPC funding. The NOvA Program Manager and OHEP can be
requested, on up to an annual basis, to make adjustments in this split that will benefit the
project. This can be done as long as the TPC is not increased and will be done following
applicable project change control, OHEP and SC requirements.

A profile of the planned human resources for the NOvA Project is discussed in detail in
the Project Management Plan.
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7. Project Baseline and Control Levels

The project baseline control levels are defined in a hierarchical manner that provides
change control authority at the appropriate management level. The highest level of
baseline management authority is the DOE Deputy Secretary. Based on current DOE
threshold requirements in place, Deputy Secretary approval is needed for new
performance baseline approval from deviations with cumulative changes of >6 months or
>25% of cost beyond the approved performance baseline. This change control level is
designated Level 0-A. Undersecretary of Science approval is required if preceding
thresholds are not exceeded, or Program Secretarial Officer (Acquisition Executive)
approval, as delegated (SC-1 in the case of the NOvVA Project). This change control level
is designated Level 0-B. For the NOvA Project, baseline management for routine project
change control is under the authority of the Associate Director (AD) of OHEP, and is
executed in conjunction with the DOE NOvA Federal Project Director.

Changes below Level 0 are approved as follows:

e Level 1: SC AD/Program Manager, DOE Office of High Energy Physics;
e Level 2: DOE NOvA Federal Project Director (FPD);
e Level 3: Fermilab and NOvA Project as specified in the NOvA PMP.

Change control thresholds for the project are presented in section 7.1. The NOvA
Program Manager will assist in coordination and review of all Level 1 changes, and will be
kept informed of all Level 2 changes.

Change control and contingency usage for Cooperative Agreement (CA) activities that are
part of the NOvA TPC (including higher level and field change control) are implemented in
accordance with an MOU between Fermilab and the University of Minnesota. Requests
for project-related changes in CA work exceeding the cost threshold in Table 7.1 can be
initiated by the NOvA FPD in conjunction with the NOvA Project Manager. Such changes
are implemented by the DOE OHEP NOvA Program Manager and DOE CH Contracting
Officer for the CA consistent with the CA terms and requirements for DOE involvement
and technical direction.

The technical, cost, and schedule baselines and associated control levels down to Level 2
are presented in sections 7.2, 7.3, and 7.4.

7.1 Baseline Change Control

The change control thresholds are presented in Table 7.1.
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Table 7.1 NOvA Project Technical, Schedule, and Cost Baseline Control Levels’

Performance Baseline Deviation

Routine Project Changes

Secretarial Acquisition | Acquisition Executive Associate Federal Project
Executive (Level 0-A) (Level 0-B) Director OHEP Director
Deputy Secretary SC-1 or Program (Level 2)
Manager
(Level 1)
A change in scope that Any significant

affects the ability to meet

A change in scope that
affects the ability to

Any change in
the KPPs as

change to the

Technical | '«pp and the ability to meet a KPP and the referenced in technical scope
Scope satisfy the mission need. | ability to satisfy the PEP section 3.2. | (@s described in
mission need. PEP sect. 5 ) that
affect ES&H
requirements or
meeting Project
Closeout
definitions in
PEP Table 7.2.
> 6 month (cumulative) a 3 to 6 month Any change toa | Any change to a
Schedule delay in the CD-4 project | (cumulative) delay in level 1 milestone | level 2 milestone
completion date. the CD-4 project > 3 months, or > 1 month or a
completion date. up to a 3 month level 1 milestone
delay in CD-4 < 3 months.
project
completion date .
Cost Increase in excess of Any increase in the Any change in Any cumulative

$25M or 25%
(cumulative) of the CD-2
Total Project Cost
baseline.

CD-2 Total Project
Cost baseline.

Total Estimated
Cost or Total
Project Cost.

use of
contingency of >
$1Mm.

*Changes must be recommended at all applicable lower levels prior to being forwarded to the next higher
level for consideration.

7.2 Technical Baseline

The project scope consists of the subsystems outlined in the NOvA Project WBS
described in Section 5 of the PEP. The TDR describes the NOvA Project technical goals
and associated parameters, technical components and requirements in more detail. A
minimum technical baseline scope of a 14 kiloton Far Detector is established for the
NOvVA Project, with a technical goal to achieve a higher Far Detector mass, as supported

! Includes Costs for Cooperative Agreement activities that are part of the NOvA Project

TPC.
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by the TDR. A listing of project CD-4 deliverables with a technical definition of project
completion for the NOvA Project is provided in Table 7.2.

Table 7.2 CD-4, Project Closeout Definition

Project Deliverable

Completion Description

Upgraded Fermilab
Accelerator Complex and
NUMI Beamline

Capabile of delivering a 700 kW proton beam to the NuMI target.
The required capability is demonstrated when the installation and
testing of the following devices is complete and all safety
documentation that is required to begin beam operations is
approved.
o The Recycler Ring must be converted from an antiproton
storage ring to a proton storage ring.
e A new injection line and a new extraction line must be built
using four new kicker systems.
Two new RF cavities must be added to the Main Injector.
e A new target to handle the increased beam power must be
must be designed, constructed and installed.
e The second horn, including its associated power and
services, must be moved downstream.

Far Detector Hall in Ash
River, MN

Building constructed with a completed access road from the
public highway to the Far Detector Hall. All road, site, building
and outfitting work must be completed as specified, final
acceptance must be issued for all construction and outfitting
contracts and the Far Detector Hall must be ready to support
detector assembly operations.

Far Detector in the Far
Detector Hall

A 14,000-ton Far Detector that must be fully assembled from PVC
extrusions. The detector must be filled with liquid scintillator,
outfitted with electronics, have completed and functioning low
voltage and high voltage systems, have a completed and
functional timing system and have a completed and fully
functional data acquisition system that can read-out the entire
detector and record specified events. Final acceptance requires
that a charged current neutrino interaction be observed within the
NuMI beam spill in each of six Superblocks. The NuMI beam line
must be operating in order to demonstrate this capability but high
intensity operation is not required.

Near Detector at Fermilab

The Near Detector must be fully assembled in its completed
cavern. It must be filled with liquid scintillator, outfitted with
electronics, have completed and functioning low voltage and high
voltage systems, have a completed and functional timing system
and have a completed and fully functional data acquisition system
that can read-out the entire detector and record specified events.
Final acceptance requires that a charged current neutrino event
be observed in the Near Detector within the NuMI beam spill.
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7.3 Cost Breakdown

Table 7.3 below presents the NOvA Project cost breakdown. Baseline costs are
calculated from bottoms-up cost estimates. Level 3 project managers estimate
contingency by applying project-wide contingency rules to the details of individual tasks in
the work breakdown structure. The NOvA detector is unique in that four items, two of
which are linked to the volatile cost of crude oil, dominate the cost. The PVC extrusions,
the liquid scintillator, the wavelength shifting fiber and the Far Detector Experiment Hall
constitute approximately 60% of the total detector related costs (including contingency
estimates). At this level, small per unit cost changes on these items may lead to changes
that will need to be managed according to the cost change control thresholds in the
routine project change definitions.

The NOvVA Project plans that a 14 kt detector can be built within the constraints of the
profile in Table 6.1 and cost breakdown in Table 7.3. It is anticipated that a reasonable
case earned contingency scenario would allow a modest increase in the mass of the
detector, such as to 15 kt. This will be implemented following the Project change control
procedure. Since it does not add or delete a major subsystem, does not affect the mission
need requirements, nor increase the TPC, it is anticipated that such a change will not
require DOE approval at the AE/AD Level or higher.

The Project cost breakdown in Table 7.3 below incorporates the results of numerous cost
reduction and value engineering efforts conducted prior to and following approval of CD-
1. A more detailed breakdown of the cost estimate is provided in the NOvA Project
Management Plan (PMP). The PMP includes estimated cost breakdown for M&S and
Labor categories, as well as a more detailed contingency breakdown. Based on the
project cost breakdown in Table 7.3, the total contingency represents ~33% of the
estimated project cost for the 14 kt detector defined as the baseline scope. As of January
1, 2008 this total contingency represents 36% on the estimate of remaining costs.
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Table 7.3 NOvA Project
Project Cost Breakdown (AY$ in Millions)

WBS | Item Cost
AY $M
2.0 Accelerator & NUMI Upgrades 30.0
2.1 Far Detector Site & Building 2.3
2.2 Liquid Scintillator 18.6
2.3 Wave-Length-Shifting Fiber 10.0
2.4 PVC Extrusions 25.4
TEC | 2.5 PVC Modules 10.3
2.6 Electronics Production 11.9
2.7 Data Acquisition System 3.5
2.8 Near Detector Assembly 4.2
29 Far Detector Assembly 11.4
2.10 Project Management 5.6
Subtotal* | 133.2
OPC R&D and Operating 28.4
Cooperative Agreement 47.0
Subtotal* 75.4
Subtotal (TEC + OPC)* | 208.6
Total Contingency (TEC & OPC) 69.4
Total Project Cost | 278.0

*These TEC and OPC Subtotals do not include contingency estimates. The Total
Contingency estimate (for both TEC and OPC) is shown on a separate line.

7.4 Schedule Baseline

Schedule planning has been done based on the funding profile guidance in Section 6. A
detailed resource-loaded schedule with a critical path has been established. NOvA uses a
system of “tiered” milestones. Milestones are established during the development of the
resource-loaded cost and schedule. These are reviewed by the Fermilab NOvA Project
Manager who selects a subset, called Level 3 milestones to be monitored jointly by the
NOvVA Project Manager and Fermilab management. From these, a smaller number,
called Level 2 milestones are selected to be monitored and controlled by the DOE NOvA
FPD. From those, a smaller number of Level 1 milestones are selected to be monitored
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and controlled by the DOE SC AD, DOE Office of High Energy Physics and the NOvA
Program Manager.

Table 7.4a below presents the Critical Decision schedule baselines for the NOvA Project.
There is one milestone that will be held for change control purposes at Level 0 by the
Secretarial Acquisition Executive and DOE SC Acquisition Executive, the CD-4 milestone.
In the phased project start, CD-3A is to approve construction of a site access road that is
needed to support start of construction for the far detector building. An earlier start in the
road construction will enable a schedule gain. In addition, CD-3A is to approve start of
procurements for key detector materials such as scintillator waveshifters and custom
electronics as well as start procurement and fabrication of many accelerator and NuMI
components and upgrades. CD-3B is to approve the start of expenditures for the
remainder of procurements, construction and fabrication activities needed to complete the
full project.

Table 7.4a
NOvVA Critical Decisions

Description Date (A)=Actual

CD-0: Approve Mission Need November, 2005 (A)

CD-1: Approve Alternative Selection and Cost Range | May, 2007 (A)

CD-2: Approve Performance Baseline October, 2008

CD-3A: Project Start (access road + procurements) February, 2009

CD-3B: Approve Start of Construction October, 2009

CD-4: Approve Start of Operations/Project Completion | November, 2014

At each level, milestones are chosen from the lower level based on the following criteria:
significance in judging the progress of the project; relatively uniform distribution
throughout the lifetime of the project; proximity to the critical path; and distribution across
the WBS Level 2 subprojects. The Level 1 milestones of the NOvA Project, shown in
Table 7.4b, meet these criteria.
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Table 7.4b
Level 1 Milestones for the NOvA Project

Description Date (A)=Actual

Cooperative-agreement institution determined 11-May-07 (A)
Far detector site selected 11-May-07 (A)

Cooperative-agreement in place 27-Sep-07 (A)

CD-3a 2-Feb-09
CD-3b 1-Oct-09

IPND ready to take data 12-Jan-11

Beneficial occupancy - far detector building construction 28-Oct-11

Beneficial occupancy of near detector cavern 10-Aug12

NuMI neutrino events observed in Far Superblock 1 3-Jun-13

Near detector completed and ready to operate 3-Sep-13

14 kt installation completed 16-Jan-14

Level 1 milestones are monitored jointly by the NOvA Program Manager and the FPD for
the AD OHEP. As described in section 7.1, changes in Level 1 milestones of > 3 months
are approved by the AD OHEP. Project Level 2 milestones, to be monitored and
controlled by the DOE NOvA FPD, are shown in table 7.4c below. Lower level milestones
and more information on the project schedule are provided in the NOvA PMP.

Table 7.4c
Level 2 Milestones for the NOvA Project

Description Date (A)=Actual

Acquisition strategy approved by DOE 12-Apr-07 (A)

Cooperative-agreement funds available 27-Sep-07 (A)

EA Sent Out for Public Comment 1-Apr-08 (A)

EA Public Comment Period Completed 30-Apr-08 (A)
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30-Apr-08 (A)

Historic Preservation Act Programmatic
Agreement Signed

23-May-08 (A)

DOE OECM CD-2 EIR Follow-up review

30-Aug-08

EA Comments Answered

1-Jun-08 (A)

CD-2 ESAAB

30-Sep-08

FONSI

11-Jun-08 (A)

DOE OECM - FRA EVMS Readiness
Assessment

1-Oct-08

DOE OECM - FRA EVMS Certification Review

1-Dec-08

DOE OHEP CD-3a Mini-review

15-Jan-09

DOE OECM - FRA EVMS Certified

1-Jun-09

DOE OHEP CD-3b Review

1-Jun-09

Site preparation purchase order released

6-Oct-09

Waveshifter PO issued

23-Nov-09

WLS fiber PO issued

3-May-10

Extrusion PO issued

1-Apr-10

IPND blocks completed

8-Oct-10

Decision point for buying additional waveshifter
powders

11-Nov-10

Mineral oil PO issued

1-Apr-11

APDs PO issued

1-Jul-11

Block pivoter completed

20-Oct-11

Decision point for buying additional APDs

11-May-12

MI Ring Modifications Ready for Beam
Transport

14-Jun-12

Decision point for buying additional WLS fiber

23-Aug-12

RR Modifications Ready for Beam Transport

9-Nov-12

Decision point for buying additional extrusions,
modules, mineral oil, pseudocumene

13-Aug-13

Far Detector extrusions for 14kt completed

20-Sep-13

Far detector modules for 14 kt shipped

15-Nov-13

Ready to Commission Upgrades with Medium
Energy Neutrino Beam

27
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8. Acquisition Strategy

The NOvA project is being executed under an Acquisition Strategy (AS) approved by the
Acquisition Executive (AE). The AS was reviewed by the DOE SC Office of Project
Assessment (OPA) as a prerequisite for CD-1, and was approved by the AE in support of
CD-1.

8.1 Overview of Acquisition Strategy

Briefly, the AS describes why FRA/Fermilab has been chosen to lead the project based
on the need to deeply involve the collaborating physicists to participate in the design and
construction, and to simplify the interfaces of the project to the rest of the Laboratory.
Procurement of the wide variety of components and materials needed to support
fabrication and assembly of the accelerator and NuMI upgrades and the near and far
detectors will be made using Fermilab’s extensive in-house capabilities and the
capabilities of institutions participating in the scientific research collaboration.

The primary source of materials for these projects will be commercial vendors vying for
purchase orders under competitive conditions. Several components will be provided by
universities. Subsystems considered to be appropriate to be contracted out to various
participating institutions are the PVC module assembly, portions of the front-end
electronics, the data acquisition system and the replacement hadron monitor. In such
cases, the scope required and procedures to be followed will be described in Memoranda
of Understanding between Fermilab and the participating institution, and funding will be
provided incrementally on a yearly basis. Labor for accelerator, NuMlI, and detector
fabrication activities will come from both Laboratory and university staffs. Assembly of the
far detector will take place in northern Minnesota using a mix of Laboratory and university
personnel. University contributions are generally based on their detector development
experience, commitment to the physics goals of the project, and cost effectiveness.

Three major procurements are considered critical to the project because of their overall
cost or because of limited commercial sources. These are the procurement for the liquid
scintillator, the procurement for the PVC extrusions, and the procurement for the
wavelength shifting fiber. In the case of the wavelength shifting fiber, there are limited
sources, but the sources have historically been reliable and have produced detector
components for previous major experiments. It is anticipated that Fermilab will issue
fixed-price contracts or fixed-price contracts with economic adjustment for work to be
performed whenever possible. NOvA has prepared a detailed acquisition plan for the
critical procurements.

As discussed in the AS, the DOE received and responded to an unsolicited proposal from
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the University of Minnesota to conduct research on neutrino oscillations as part of the
NOVA collaboration. As part of the research program the University proposed to construct
the far detector experiment hall on university owned or leased land, to operate the
building on this site, to be responsible for security and ES&H on the site, and to
participate in the calibrations, data-taking, and maintenance of the NOVA detector and the
subsequent data analysis. The University of Minnesota currently operates the Soudan
Underground Laboratory (SUL) in Northern Minnesota and successfully managed the
construction of the cavern in the SUL that now houses the MINOS detector, and so it has
relevant experience. In response to this proposal, DOE is implementing a financial
assistance award, a Cooperative Agreement (CA) administered by the DOE Chicago
Office, to include both a portion of the NOvA TPC (for construction of the far detector
experiment hall) and subsequent research activities. The CA is discussed further in the
next section.

8.2 Cooperative Agreement (CA)

The CA includes terms and conditions specific to grants and CA’s and must in general be
administered in accordance with federal financial assistance award regulations and
requirements. DOE O 413.3A, in particular, does not apply to land, structures or
equipment acquired by State or local government through DOE financial assistance
awards (including cooperative agreements). Although DOE O 413.3A does not strictly
apply to the University of Minnesota CA, the NOVA project recognizes the importance of
the CA activities to the project, and will manage the project interface with those activities
so as to further reduce and mitigate the risks identified and encountered with that work.
As the CA does support, as a part of the NOvA TPC, final design and construction of the
far detector site, access road and experiment hall, the NOvA project employs a tailored
approach to application of O 413.3A to these activities.

This tailored approach to the CA activity includes: inclusion of the CA recipient on the IPT
and development of an integrated construction team with NOvA project, Fermilab, the
University and its contractors as members; integration of relevant CA activities into the
WBS and baseline; use of independent cost estimates for site preparation and building
construction; project participation with the University in change control actions; application
of project risk management methods; some contingency held by NOvA project
management; progress and financial reporting. The NOvA project has applied the NOvA
Risk Management Plan to identify, analyze and develop mitigation for risks associated
with far detector site preparation and building construction. Risk identification and
assessment is an on-going process that continues throughout the design and construction
process, and will be conducted in consultation with the University of Minnesota as the
responsible CA recipient.

As the CA recipient, and relative to the NOvA project, the University of Minnesota is
responsible for far detector site preparation and construction of the access road and
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experiment hall on University owned and leased land in Ash River, MN. This includes the
administration of the civil construction, retaining services of contractors and sub-
contractors needed for completing design and construction, and obtaining required
environmental and building permits. The University will manage these activities using the
same methods and personnel it uses for its other civil construction activities, with a
leading role taken by the University Capital Planning and Project Management Office. The
University ES&H Office will administer ES&H aspects of the work under the direction of a
University ES&H professional and other University staff support (legal, codes) will be
provided as required. Under terms of the CA, title to the far detector experiment hall
building vests with the University of Minnesota upon initiation of the CA award.

An MoU between Fermilab and the University of Minnesota addresses the integration and
coordination needed for execution of authorities among the parties, communication
mechanisms between the Project and University, work authorization and flow, and overall
implementation of the CA as it relates to the NOvA project.

DOE will administer normal federal stewardship of the CA activities performed under the
terms and conditions of the CA award. For the DOE OHEP NOvA Program Manager and
the NOvA FPD within the FSO, this includes involvement to the extent necessary to
ensure individual efforts of the NOvVA Project and University are effectively integrated.
This can include, but is not limited to, conducting site visits; reviewing performance and
financial reports; providing technical assistance and/or temporary intervention in unusual
circumstances to correct deficiencies which develop during the project, and reviewing
technical performance after completion to insure project objectives have been met. All
such activities are to be closely coordinated and executed with the NOvA Project
Manager and the CA recipient. At a minimum, an annual review of the CA activities will be
conducted in the context of the full NOvVA project reviews to provide input for future
programmatic direction. CA activities relevant to the NOvA project will be reviewed at the
semiannual DOE project reviews conducted by the Associate Director of High Energy
Physics.

Regarding Ash River site visits, the DOE NOvA Program Manager, FPD and Deputy FPD
are all considered authorized DOE representatives having the right to make site visits at
reasonable times to review project accomplishments and management control systems.
The University of Minnesota and contractors will provide reasonable access to facilities
for the safety and convenience of the federal personnel, and any visits and evaluations
are to be performed in a manner that does not unduly interfere with or delay the work.
Such DOE visits by the FPD and/or Deputy FPD are anticipated to occur no more than 3-
4 times per year during active construction periods, and will be coordinated with NOvA
project management and the CA recipient. Other NOvVA project team members may
arrange and visit more frequently and as needed to ensure adequate communications,
coordination and integration during project execution.
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9. Project Controls and Monitoring

9.1 Project Controls System

The NOvA Project uses a project-specific Performance Management/Earned Value
Management system (EVMS) designed to meet the objectives of ANSI/EIA-748-A-1998
EVMS Guidelines, and to be complaint with the EVMS management and control
procedures required by Fermilab. The NOvA Project EVMS system consists of standard
software tools, and documented system descriptions and implementation procedures and
processes for implementing an EVMS. The NOvA Project EVMS system is further
described in the NOvA Project EVMS document and NOvA Project Management Plan,
covering how the earned value process is used for baseline development, earned value
measurement, variance analysis and reporting, funds management and work
authorization, baseline change control, contingency management and other aspects of
the system.

The NOvA Project will participate with Fermilab in the DOE EVMS certification process,
as agreed to with DOE OECM and the DOE SC Office of Project Assessment (OPA). A
joint DOE-FSO/Fermilab review of the NOvA Project EVMS system was conducted prior
to CD-2 and the overall consensus was that the performance management system is
essentially in place, with only a few elements or further development of existing materials
recommended. To further the NOvA Project EVMS preparation for final certification
review, and periodically throughout project execution as needed, follow-up EVMS reviews
similar to that conducted will be done.

Cooperative Agreement (CA) activities by the University of Minnesota are subject to the
terms and conditions of the CA, and implementation of an MoU between Fermilab and the
University of Minnesota. The MoU will include a financial reporting requirement as agreed
to with the University of Minnesota, to be used for an EVM computation as feasible or
appropriate. The NOvA Project will coordinate with the professional project management
organization overseeing the CA activities regarding such reporting. To the extent that
such reporting provides value to the NOvA Project Management and the University of
Minnesota, it will be incorporated into the monthly project EVM analysis and reporting, but
CA activity is not strictly subject to the requirements of DOE O 413.3A, per definitions in
that order.

Change control thresholds are defined in a hierarchical manner, as describe in this PEP
and the NOvA PMP. Change control is implemented in accordance with this PEP and the
change control process described in the NOvA Project Configuration Management Plan.
The PMP addresses routine change request approvals from subproject manager through
the Fermilab Associate Director, while the PEP section 7 defines the DOE change control
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approval thresholds applicable to management of the project technical, cost and schedule
performance baseline.

9.2 Reports and Reviews

The DOE NOvA FPD will provide quarterly status reports on the NOvA Project to DOE
SC and OHEP, and monthly reports as required to the DOE Project Assessment and
Reporting System (PARS). Monitoring of the NOvA Project will occur through established
mechanisms among project participants. Independent Project Reviews of the project
status and management will be conducted by the Associate Director of High Energy
Physics and DOE SC OPA approximately semiannually. The Fermilab NOvA Project
Office will provide formal project monthly reports to the DOE NOvA FPD. CA activities by
the University of Minnesota are subject to the reporting requirements of the CA, and the
MoU between Fermilab and the University of Minnesota. Narrative, quantitative
construction and financial summary data on the University of Minnesota CA activity will be
incorporated into the monthly reports provided to the FPD. The general requirements of
the monthly reports are included in the NOvA Project PMP.

The IPT meets weekly during the preliminary project planning phase and ~monthly and as
needed during the project execution phase. The Fermilab NOvA Project Working Group
(PWG) meets bi-weekly to monthly during project planning and baseline preparation. After
CD-2 is approved, the Fermilab PWG then becomes the NOvA Project Management
Group (PMG), which will continue to meet periodically to monitor the progress of the
project. Quarterly Project Status meetings may be conducted by the FPD in between
semiannual DOE IPR’s during the project execution phase. Various meetings between
the Fermilab Directorate, Project Management, Subproject Managers and the NOvA
collaboration will be held at appropriate intervals to ensure effective management of the
overall project and some of these meetings are further described in the NOvA PMP.

Reviews and meetings will be conducted to assist in the elimination of problems; to verify

that interfaces between activities and tasks are acceptable; and to verify that the project is
progressing satisfactorily.

10. Environment Safety and Health
10.1 Environmental Protection

An Environmental Assessment (EA) has been prepared for this project as required by the
National Environmental Policy Act (NEPA).
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Fermilab has a fully developed Environmental Management System which covers NOvA
Project activities and operations at Fermilab. Environmental monitoring is part of that
system and consists of two elements: effluent monitoring and environmental surveillance.
Surface water monitoring includes outfall, sump, ditch, sanitary discharge, storm water,
sediment, pesticide, and off-site monitoring. The sections below further discuss the NEPA
EA and environmental permits.

10.1.1 NEPA

The EA required under NEPA evaluated the potential for environmental impacts
associated with the full NOvA Project, including proposed construction or upgrade and
operation of facilities for NOVA at Fermilab and its far detector facility located in Ash
River, MN. The work on the Fermilab site that is covered by the EA includes the
construction and operation of the accelerator and NuMI beamline upgrades, and the
construction and operation of the Near Detector in the underground MINOS access tunnel
at Fermilab. The EA incorporates an extensive radiological assessment with respect to
increasing the power of the NuMI beam line.

Specific characterization was conducted of the environment for the far detector site in Ash
River, MN, to evaluate the potential for environmental impacts. Although not strictly
required by MN state law, the University of Minnesota utilized this information to prepare
a discretionary Environmental Assessment Worksheet (EAW) for State review in
accordance with the State of Minnesota environmental review process. The federal EA
incorporates the Minnesota EAW by reference. A similar approach of coordinating state
with federal environmental assessment activities has been used successfully in the past
and meets the NEPA intent to avoid duplication of effort. The DOE, Fermilab, University
of Minnesota and NOvA Project have actively and successfully engaged and coordinated
with a wide range of stakeholders in the preparation and release of the EA, including the
local public, U.S. Army Corp of Engineers, U.S. Fish & Wildlife Services, National Park
Service, Advisory Council on Historic Preservation, IL and MN State Offices (Historic
preservation and others) and MN Tribes interested in the Ash River region. Following the
required State, Federal and tribal review and DOE approval of the EA, a DOE Finding of
No Significant Impact was made, constituting NEPA clearance for the NOvVA project.

10.1.2 Environmental Permits

Permits needed for construction at Ash River, MN (e.g., discharge permit, local building,
wetlands permit) are the responsibility of the University of Minnesota, which is responsible
for the construction management.

Fermilab has a Lifetime Operating/National Emissions Standards for Hazardous Air

Pollutants (NESHAP) Permit from the lllinois Environmental Protection Agency (IEPA)
that regulates onsite air emissions, including radionuclide emissions from beamline
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ventilation stacks associated with accelerator and NUMI operations upgraded by this
project. Total releases are reported annually to the IEPA and the U.S. Environmental
Protection Agency (EPA) in accordance with conditions of the relevant NESHAP permit.

Fermilab holds several NPDES (National Pollution Discharge Elimination System) permits
that regulate the discharge of liquid effluent to surface water and other bodies, and these
permits are maintained or modified as needed based on Fermilab’s operations. Water on
the Fermilab site associated with accelerator and NUMI operations upgraded by this
project is discharged in accordance with DOE requirements concerning discharges to
surface waters at DOE facilities, and covered by existing permits and currently approved
outfalls.

No additional environmental permits or permit modifications, beyond those existing, are
required for the Fermilab site due to the NOvA project.

10.2 Safety & Health

All major potential hazards have been identified, and are considered to be of a low or
routine nature that can be addressed by the means discussed in the hazard and safety
assessment documentation discussed below. Day-to-day safety in the execution of NOvA
Project work is accomplished through the implementation of Integrated Safety
Management systems and Worker Safety & Health programs at DOE sites, and
adherence to applicable ES&H regulations and requirements as described in the next
sections.

10.2.1 Hazard Analysis and Safety Assessment

The NOvA Project does not include any category 1, 2, 3 or below nuclear facilities as
defined in 10 CFR 830 subpart B. Hazard Analysis documentation for NOvA Project work
has been prepared using a standardized hazard identification and assessment
methodology in accordance with the Fermilab ES&H Manual (FESHM). A safety
assessment process is used to address the safety of planned accelerator and detector
operations, in accordance with the FESHM and the DOE approved Work Smart
Standards (WSS) set included in the DOE-FRA contract.

The NOvA Hazard Analysis Document served as a basis for the Preliminary Safety
Assessment Document (PSAD). The PSAD will be updated to a final Safety Assessment
Document (SAD), which will be prepared and approved prior to sustained operations of
the completed NOvA Detector. Updates to the existing Accelerator Division (AD) SAD
and the NuMI/MINOS SAD will be prepared and approved prior to commissioning the
accelerator and NuMI Beamline systems upgraded in the NOvA Project, as well as the
NOvVA near detector to be operated in existing MINOS areas. The NOvA preliminary and
final safety assessment documentation will document the actual systems, mitigations,
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procedures and actions taken to achieve the construction, installation and operation of
NOVA in a safe and environmentally sound manner and in compliance with applicable
regulations. FESHM and WSS requirements will be met for operational readiness,
Accelerator Readiness Review (ARR) and accelerator safety envelope (ASE) revision
prior to approval of sustained accelerator operations for the NOvA experiment.

10.2.2 Integrated Safety Management

NOvVA Project activities are carried out at, or under the supervision of national laboratories
and institutions and are subject to the Environmental, Safety, and Health (ES&H) policies
and procedures of those specific laboratories or institutions. The DOE national
laboratories participating in the NOvA Project (Fermilab and Argonne National
Laboratory-ANL) have DOE-approved Integrated Safety Management (ISM) Systems,
which provide a framework for all work conducted at each laboratory. NOvA Project work
at Fermilab and ANL is fully subject to the local DOE line ES&H management oversight
and operational awareness mechanisms. Laboratory Divisions and Sections (D/S’s) and
the project team work together to assure effective implementation of the ISM system.
Laboratory D/S’s provide line management support for NOvA Project work carried out
within the Laboratory D/S, along with the D/S support from safety committees and ES&H
staff that provide advice, oversight and ES&H approvals as required to support project
work. Work at Universities is fully subject to OSHA and applicable state and federal
requirements, external regulation and enforcement.

10.2.3 Worker Safety & Health Program

Title 10 of the Code of Federal Regulations, Part 851 (10 CFR 851), Worker Safety and
Health (WSH) Program, requires Department of Energy (DOE) sites to establish a worker
protection program that will reduce or prevent the potential for injuries, illnesses, and
accidental losses by providing workers with a safe and healthful workplace. This federal
rule applies to NOvA Project work conducted at DOE sites (i.e. Fermilab and ANL).
Fermilab and ANL both have DOE approved WSH programs described in Worker Safety
and Health Program (WSHP) documents developed to comply with 10 CFR 851, and
under which NOvA Project work at these sites is conducted.

10 CFR 851 does not apply to work conducted by the University of Minnesota or its
contractors at Ash River, MN under the CA, since this is not a DOE owned, leased or
controlled site, and the University is not performing as a DOE contractor. The University
of Minnesota administers ES&H aspects of far detector experiment hall construction and
is responsible for compliance with OSHA, State, University, and local ES&H regulations
and requirements.
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11. Technical Considerations

11.1 Value Management

Value Management (VM) principles are essential to proper program management and
have been incorporated at the early design and development stages of the technical
requirements and in establishing the cost and schedule baseline. Use of the VM
approach provides a systematic framework to analyze the functions of systems,
equipment, facilities, services, and supplies for the purpose of achieving the essential
functions at the lowest life cycle cost consistent with required performance, quality,
reliability and safety. VM elements have been incorporated as a part of each of the
technical and program reviews to date.

VM is a process by which costs can be reduced through an analysis of a products
function, without sacrificing its performance and quality. The focus on a reduced cost,
enhanced value relationship, determined through a functional analysis is integral to the
design process for large scientific projects. The process for the detector and accelerator
upgrades is done in a different fashion than is generally employed in an industrial or
construction setting. The NOvA Project and Fermilab are committed to VM principles in
the design, construction and installation of the experiment, its associated infrastructure
and the accelerator and NuMI upgrades. VM is accomplished in the NOvA Project
through an extensive design review process which each subproject and component is
subject to before beginning construction. This peer review process takes place in
external reviews conducted by the Fermilab and the Department of Energy, and in
internal reviews to determine baseline costs, technical adequacy, and production
readiness. Systems are designed to ensure that the components of the accelerator,
beamline and detector meet the design specifications and operate within the parameters
mandated by the requirements of the High Energy Physics (HEP) program. Value
Management in the NOvA Project is discussed in more detail in the PMP under Quality
Management Program.

11.2 Engineering Design Review

Most of the technology for the NOvA Project is based upon designs that have been used
successfully in previous similar accelerator operations and experiments. A Research &
Development (R&D) phase is aimed at optimizing these technologies in beamline
components and detectors to achieve the specific technical and scientific objectives of the
NOvVA experiment. Prototype components are tested as needed to develop designs, with
engineering analysis employed to develop the final design, identify and correct any
potential safety or performance hazards, and generate engineering notes or documents.
The Level 2 Managers are scientists and engineers who are experienced in applying the
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engineering principles needed to produce the NOvA accelerator and beamline
components and detectors.

Engineering design review is a part of the NOvA Project and is a constant and on-going
process, through final design, to ensure that all aspects of NOvA are engineered and
designed to appropriate standards, satisfy ES&H requirements, are cost effective and
meet the technical requirements. Relevant personnel, supported by the project
mechanical and electrical engineers who assist in developing and reviewing project
designs, are required to incorporate sound engineering and scientific principles and
appropriate technical standards into designs to ensure that they will perform as intended.

Many design review process tools are available to the NOvA Project, though not all tools
are used on every component. Tools are chosen so that the components with the highest
risk receive the most thorough review. Most components, and those requiring one per the
FESHM, will require generation of a written, reviewed engineering note.

Designs undergo internal reviews for technical scope, cost, schedule, and safety. These
reviews are done using a graded approach, with larger review groups for more critical
systems. In some cases, the Project relies on organizations outside of Fermilab to
generate complete design packages. Interfaces between the subsystems include the
exchange of drawings, diagrams, and prototypes. The Project Manager commissions ad
hoc technical review panels from within the Laboratory or the NOvA Collaboration to
review specific systems when the need arises (e.g. for the detector cooling system or
detector mechanical structure). Independent review of designs usually is performed by a
committee, and involves presentations as well as the signed off fabrication drawings and
checked engineering notes, and includes identification and mitigation of potential safety
hazards. Internal and independent design review activities will continue in the NOvA
Project through to completion of the final design.

Engineering design and review are further discussed as a part of the NOvA Quality
Management Program. During the engineering design and construction process,
drawings and documents are under configuration management control as described in the
NOvVA Project Configuration Management Plan.

11.3 Configuration Management Program (CMP)

The NOvA CMP describes the configuration management responsibilities and processes
that support the design and implementation of the NOvA Project. The purpose of this
CMP is to identify the organization providing the configuration control, define what a
configuration-controlled item is, describe the change control process, and identify the plan
for configuration status accounting and verification. The CMP is designed to ensure that:

e baselines are defined and documented;
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documentation is identified, released and controlled;

changes to the baseline are evaluated and controlled;

approved configuration changes are implemented and tracked; and
configuration status accounting is accomplished.

Systems and components specific to the NOvA Project will be reviewed in accordance
with the principles provided in ANSI/EIA-649-1998, National Consensus Standard for
Configuration Management. The degree of rigor employed will be tailored, based on the
functions and importance of each system or component. Configuration Management and
Control is further discussed in the NOvA CMP document.

11.4 Quality Assurance

Quality Assurance is an integral part of the design, fabrication and construction of the
NOvVA Project. NOVA has a documented Quality Management Program (QMP)
addressing the DOE adopted Quality Assurance Criteria. Quality Assurance and Quality
Control (QA/QC) systems are designed, as part of the NOvA Quality Assurance Program,
to ensure that the components of the accelerator, NUMI and detector meet the design
specifications and operate within the parameters mandated by the requirements of the
HEP program.

Accelerator, beamline and detector components are fabricated specifically for NOvA by
either commercial vendors, other DOE Laboratories, member universities within the
NOvVA Collaboration, Fermilab facilities, or some combination of the above. The items
manufactured may be individual components, detector sub-assemblies, or a complete
piece of equipment being installed as part of the Project. It is the responsibility of the
Project Manager and/or SubProject Managers to have adequate verification methods in
place to assure that only properly trained, qualified, and certified personnel are involved in
the design, manufacture, and installation of detector components.

All work performed at Fermilab will draw on the guidelines and criteria set out in Fermilab
Director’s Policy Manual, document #10.000, and revisions or improvements to this policy
and implementation of Fermilab’s labwide Quality Assurance Program. Quality
Assurance will include:

e management criteria related to organizational structure, responsibilities, planning,
scheduling, and cost control;

training and qualifications of personnel;

quality improvement;

documentation and records;

work processes;

engineering and design;

procurement;
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e inspection and acceptance testing; and
e assessment.

NOVA will maintain/update the QMP as needed, to remain consistent with Fermilab QA
Program updates.

Achieving a quality end product is a line responsibility that extends from the bottom of the
Organizational Breakdown Structure (OBS) to the top. All levels of personnel in the
project are encouraged to report performance problems and to encourage others to report
problems as they are discovered. Stop Work Authority related to quality of work is given
to all managers and supervisory personnel within the project. They are authorized and
expected to halt unsatisfactory work being performed by any of the individuals or
organizations reporting to them. The relevant Division Head or the Project Manager may
specify other stop work authority outside of the normal management chain at their
discretion.

The obijective is to identify problems related to quality early in the process at a time when

cost effective, timely corrections can be implemented easily. The project will hold regular

meetings at which Level 2 and Level 3 managers will report on the status and problems of
their subprojects. Corrective actions will be taken, using the appropriate and well defined

level of change control, to solve these problems.

QA in NOvA is discussed in more detail in the NOvA QMP and PMP documents.
11.5 Safeguards and Securities Plan & Vulnerability Assessment

Security issues were identified early in the NOvA Project along with consideration of
procedures for mitigating any concerns. The potential security threats to the NOvA project
are conventional theft and vandalism. Security of computing networks will also be
required. The NOvA Project will create no new security issues during design or
fabrication. NOvA has no special nuclear material (enriched uranium or plutonium) and
no nuclear material (natural or depleted uranium). Thus extra protective measures in
these areas are not required.

The NOvA project is most vulnerable at the Far Detector site since that site does not fall
within a highly protected area like a national laboratory or a university campus. The
Cooperative Agreement recipient, the University of Minnesota, shall have the primary
responsibility for implementation of security at the Far Detector site.

Safeguards and security for project activities at the Fermilab site will be covered under
Fermilab’s existing DOE-approved program. No laboratory safeguards and security
requirements will need to be changed for installation or operations subsequent to project
completion. Access to Fermilab is controlled to ensure worker and public safety and
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property protection. None of the work at Fermilab or on the NOvA Project is classified.
The risk of safeguards and security issues is, therefore, small. NOvA is not an attractive
target for terrorists, theft, or malicious action. Therefore, due to the 24/7 security force on
site, Fermilab’s safeguards and security program, and the non-attractiveness of NOvA as
a target, the vulnerability assessment is very low.

Appropriate security will be built into the NOvA computer Data Acquisition system as a
requirement. As this is currently a rapidly changing and timely field with the onset of grid
computing, the project will defer as long as practical before committing to a particular
protocol to ensure maximal technical benefit based on available state-of the-art
technology and to meet existing security requirements at the time. The project will follow
the Fermilab Computing Division’s lead on this issue and will be included within
Fermilab’s online security envelope.

11.6 Sustainable Design

Regarding Executive Order 13423 “Strengthening Federal Environmental, Energy, and
Transportation Management” and the supporting Implementing instructions, in terms of
new construction and major renovations, the Executive Order applies to “new construction
and major renovations of agency buildings” (E.O. #13423, Section 2(f)). The only building
to be constructed for this project, the far detector building in Ash River, Minnesota, will be
owned by Minnesota and will not be DOE or federal agency owned, and so EO 13423
does not apply. There is no other project construction or major renovation of an agency
building to which EO 13423 would apply. Though not required, the project has followed a
Fermilab Leadership in Energy and Engineering Design (LEED) procedure where
applicable for the far detector building, but a LEED certification will not be obtained.

12. Risk Management

The project has been planned, developed and is executed in a manner that reduces risk
to acceptable levels. Risks are identified, documented and managed according to the
NOvVA Risk Management Plan (RMP).

The IPT expects the project to manage risk as a line responsibility. Risks are identified by
WBS Level 2 managers and ranked within their projects based on probability of
occurrence and impact/consequence. NOvA Project management reviews the results
and classifies the risks as high, medium, or low based on a “Risk Classification Matrix.”
Included in this process are high level risks and risks that might be shared among several
subprojects that may be identified and “owned” by the Project Manager.

The Level 2 managers then develop Risk Mitigation/Abatement Plans for all risks rated as
either high or moderate. Risk information will be included in a database. The Project
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Manager will establish and maintain a “watch-list” of risk issues and events that need
special attention or on which action is imminent. Risk Management issues will be
regularly addressed at NOvA Technical Board meetings and will be included in monthly
reports.

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

The Acquisition Strategy to rely on the University Of Minnesota through a Cooperative
Agreement (CA) is expected overall to reduce risk to the project by relying on the
University as an experienced partner with Fermilab, and an institution with proven
performance in the planning, design and construction of buildings and facilities on the
same scale as the NOvA far detector experiment hall. Risk identification and assessment
for these activities will continue throughout the design and construction process, and will
be conducted in consultation with the University of Minnesota as the responsible CA
recipient.

Schedule risk will be minimized via:

Realistic planning;

Verification of subcontractor’s credit and capacity during evaluation;

Close surveillance of subcontractor performance;

Advance expediting; and

Incremental awards to multiple subcontractors for the same item when necessary
to assure total quantity or required delivery.

The risk management process, tools and practices as related to the technical, cost and
schedule areas is further discussed in the NOvA RMP document.

13. Transition to Operations

Transition to Operations and commissioning will generally be done as subsystems and
final assemblies are completed, starting as early as two years after start of construction
(with completion of the far detector experiment hall building) and proceeding in stages for
an additional two-three years after that. A Start-up Test Plan has been developed and
maintained, consistent with the stage of design maturity and the project baseline, to
address necessary check-out and commissioning plans for NOvA Project equipment and
facilities. The plan provides the time-ordered sequence of activities and tasks required
and will defined commissioning goals. This plan will be revised with sufficient detail as
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necessary, as project completion and commissioning approaches, to address steps and
actions needed to:

e Demonstrate that relevant technical specifications are met for subsystems, and
post installation acceptance testing and commissioning activities are completed
consistent with CD-4 project completion definitions.

e Ensure that NOvA Project accelerator and detector installation, testing and
commissioning activities are fully integrated into Fermilab’s normal process for new
facility commissioning and transition to operations.

e Ensure the integration and coordination of NOvA Project and Fermilab resources,
and integration with the overall Fermilab facility operations and shutdown
schedules, as needed to support NOvA Project completion and transition to
operations.

Regarding transition to operations in Ash River, MN, the NOvA Project at Fermilab and
the Cooperative Agreement (CA) activities of the University of Minnesota are tied together
during the operations phase. Once beneficial occupancy is obtained for the far detector
experiment hall building, the University, as the building owner, is responsible for operation
of the building under the CA (and this is not a part of the NOvA Project). Since the NOvA
Project will be responsible for fabrication and assembly of the far detector in the newly
constructed building, a cooperative and closely coordinated approach to this work will be
implemented. This is specifically addressed in the MoU between Fermilab and the
University of Minnesota. Once the far detector is completed and the NOvA Project closed
out, the University of Minnesota will be implementing its management procedures through
a Far Detector Laboratory organization, similar to that used to successfully operate the
existing MINOS detector at the Soudan Underground Laboratory.

14. Lifecycle Considerations

The NOvA Project life-cycle costs for R&D and construction (including project start-up
costs) are included in Table 7.3. Other life-cycle costs and considerations are described
below.

14.1 Operating costs

Operating costs for running the accelerator and NuMI Facility when the upgrades are
complete will be very similar to those for running these facilities in the past and currently.
The estimated costs for operation and maintenance of the accelerator complex to support
the NOvA experiment (and possibly other running experiments or test programs) is
~$17.6 Million per year. This estimate includes costs (direct costs, covering M&S and in
FY08$) for Linac/Booster, Main Injector, NUMI beamline, NOvA detector, on-going
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upgrades and power costs. The running costs can be escalated by a conservative 5% per
year for a running period planned to begin in ~2014 and run for six years.

At the time this project work is completed, the Fermilab Collider program is planned to be
shut down. The combination of operating the upgraded neutrino program and not
operating the Collider program is projected to result in an overall operating cost decrease
for the Fermilab accelerator complex of approximately 30-40% overall. This range is very
preliminary and will require further revision and refinement as Fermilab’s overall
programmatic planning proceeds.

The far detector operations costs are estimated from the experience of the MINOS
experiment which is also a high energy physics experiment located in northern
Minnesota. The actual operating time for NOvA depends on the mass of the far detector
and the number of protons on target as well as the currently unknown magnitude of the
parameters that drive the physics processes NOvA is designed to measure. The major
operations costs will be for a small crew (~5 FTE) of technicians to maintain the far
detector, the cost for power to the far detector, telecommunications, and maintenance of
the enclosure. The total cost for operating the far detector is ~$1.8 million a year. The
near detector is significantly smaller with much smaller power requirements and is located
on the Fermilab site so a dedicated crew of technicians is not necessary. It is estimated
that less than one FTE of technical labor will be needed for the near detector. The cost to
operate the near detector is estimated to be ~five percent of that needed for the far
detector.

14.2 Decontamination and Decommissioning

A conceptual decontamination and decommissioning (D&D) plan has been developed for
the NOvA far detector. The basic plan is to remove the NOvA far detector from the site
building, leaving the empty building to the owner, the University of Minnesota under the
terms of the Cooperative Agreement. It is anticipated that the final cost of far detector
decommissioning and removal will be less than $10 million. Based on present regulations
much of the material should be able to be recycled (e.g. electronics and scintillator oil);
alternative uses for the materials (e.g. retained for use by a future experiment) could
significantly offset or diminish decommissioning cost. D&D cost was also a criterion for
comparison of the far detector and site alternatives, but none of the NOvA alternative
sites and technologies hold a D&D cost advantage relative to the chosen alternative.

The near detector D&D considerations are similar to those of the far detector except that
the volumes of material involved are two orders of magnitude lower, and costs involved
will accordingly be much lower. The near detector will also be located in the existing
Fermilab MINOS near detector facility underground area, and its D&D will be planned and
coordinated within the overall Fermilab NUMI and MINOS D&D plan.
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The primary and most challenging consideration for D&D of the NUMI facility following
cessation of operations will be addressing the production of radioactivity in the beamline
components and its environs. This is further discussed in the NOvA Environmental
Assessment. The eventual D&D approach for the beam lines, accelerators and other
facilities at Fermilab will be one that assures compliance with applicable radiological
requirements and will be done in accordance with the provisions of the FESHM. D&D will
include monitoring, analysis and removal activities (e.g. removal of activated components,
or pumping out activated water), with a duration that will be dependent on the criteria and
goals established to meet the applicable requirements. Further studies have already been
outlined, to be undertaken by Fermilab to properly define a D&D plan. Selection of the
D&D approach will require detailed planning, including cost, safety, environmental, and
schedule considerations. It also will depend on the future of Fermilab, and the future of
neutrino research.

For both accelerator and detector facilities, options will be evaluated and narrowed to the

decommissioning method of choice as the end of the NOvA experiment approaches, and
associated cost and schedule will be reviewed and refined accordingly.
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Appendix 1.

Integrated Project Team Charter

Mission

The mission of the NOvA Integrated Project Team (IPT) is to provide for planning,
coordination and communication for the NOvA Project that will ensure project completion
on schedule, within budget and fully capable of meeting NOvA'’s technical and scientific
goals while complying with all applicable laws and standards for environment, safety and
health. The IPT will also ensure that project management is carried out with integrity and
that quality assurance principles are applied to processes within the project.

IPT Purpose and Goals

1.

w N

9.

Support the Federal Project Director and NOvA Project Manager in performance of
project management responsibilities.

Develop and implement an appropriate project contracting and acquisition strategy.
Assure all project interfaces are identified, completely described/defined, and
managed to completion.

Identify and define appropriate and adequate project performance parameters.
Perform periodic reviews and assessments of project performance and status
against established performance parameters, baselines, milestones, and
deliverables, taking corrective actions as appropriate.

As necessary, plan and participate in project reviews, audits, and appraisals
involving external parties.

Support development of all Critical Decision (CD) packages.

Review and comment on project deliverables, e.g. drawings, specifications,
procurement and construction packages.

Review change requests as appropriate and support the change control board as
requested.

10. Support the preparation, review and approval of project completion and closeout

documentation.

11.Delivery of a quality, cost effective product.

Key IPT Members

The following are key members and positions on the initial NOvA Integrated Project Team

Michael P. Procario, DOE OHEP Program Manager
Pepin Carolan, DOE Federal Project Director, IPT lead
Stephen Webster, DOE Deputy Federal Project Director
Rory Simpson, FSO Business Manager**

45



NO VA Project Execution Plan

Jonathan P. Cooper, FSO ES&H Lead+

Eric Simpson, CH Procurement

James Fuerstenberg, CH legal

John Cooper, NOvVA Project Manager ++

Ron Ray, NOvA Deputy Project Manager

Nancy Grossman, NOvA Associate Project Manager

Marvin Marshak, University of Minnesota DOE Cooperative Agreement
Recipient/Principal Investigator

Warranted contracting officer within the Fermi Site Office; coordinates FSO business
team support as needed.

+  Will coordinate FSO ES&H team support as needed.

++ In addition to leading the project management team, coordinates necessary project
Support from Fermilab business, procurement, legal, ES&H and other
Division/Section support as needed.

As the project progresses, membership of the IPT will change as needed.

Primary Team Interfaces

Multiple interfaces are necessary for the NOvA IPT to ensure well-coordinated timely
project performance. These include the Office of High Energy Physics (OHEP), Program
Manager for Fermilab/ NOvA, other DOE Headquarters Program and Project
Management organizations, the NOvA Project Management Group (PMG), the NOvA
Level 2/subsystem Managers, the NOvA experiment collaboration, and the University of
Minnesota DOE Cooperative Agreement Recipient responsible to construct the far
detector enclosure and participate in operations.

The Federal Project Director (FPD) will be the primary point of contact with the OHEP
Program Manager for coordination and submittal of CD documentation. The FPD will also
routinely contact the OHEP Program Manager to communicate project status and discuss
issues or concerns. Input will also be solicited from the OHEP Program Manager on
institutional developments that may impact project execution or performance.

Interface with Fermilab management and affected personnel will be necessary for
coordination with site activities that may impact project execution or performance, or
where project activities may have broader site impacts. Within Fermilab, this includes
multiple interfaces among the Fermilab Directorate; Particle Physics, Computing, and
Accelerator Divisions; and ES&H, Facilities Engineering Services, and Business Services
Sections. The NOvVA Associate Project Manager plays a key role in managing the
interface between the NOvA Project and Accelerator Division to ensure necessary
coordination, planning and availability of resources for the NOvA accelerator and
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beamline work. The PMG will play a key role overall in coordinating these interfaces and
resolving issues that may arise.

For DOE CD approvals and project reviews, the FPD will interface directly with other DOE
headquarters Program and Project Management organizations as necessary. However,
the OHEP Program Manager will be the IPT HQ point of contact for day-to-day interface
with these organizations.

The NOvA Level 2/subsystem Managers will be responsible for implementing project
elements of work. The NOvA Project Manager and/or IPT team members directly
associated with the elements of work being performed will be the primary points of
contact with the NOvA Level 2/subsystem Managers.

The NOvA Collaboration provides guidance on the scientific and technical goals of the
NOvVA project and participates in the design, construction and testing of NOvA
components. The NOvA co-Spokespersons will be the primary points of contact with the
NOvVA collaboration, and the NOvA Project Manager will be the primary day-to-day project
interface with the NOvA collaboration.

There is a key interface between the NOvA Project Manager and the DOE Cooperative
Agreement Recipient, the University of Minnesota, responsible to construct the far
detector enclosure. This interface will be managed to ensure coordinated execution of
authorities among the parties, and to maintain adequate communications, work
authorizations and flow, and project controls and reporting to cover design, construction
and oversight activities.

Meetings

The IPT meets regularly (weekly) and as necessary during project execution to
accomplish the stated goals and mission. In the preliminary pre-CD2 stage, weekly
meetings focus on near-term priorities and actions associated with the project planning,
baseline requirements and development and review preparations. On an as-needed
basis, upper management or subject matter experts may be requested to participate in
IPT meetings or assigned actions that require their expertise.

During project execution, IPT meeting agendas will include topics such as; ES&H,
anticipated baseline change control activity, changes in risk assessments, report
preparation, milestone changes, and emerging issues. Team members shall also meet
with each other and external interfaces as necessary to resolve specific issues.
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AE
AD
ANU
ANL
APD
APM
ARR
AS
ASE
BCP
BCR
CA
CAM
CCB
CD
CDR
CH
D&D
DPM
DOE
FSO
EA
EAW
EPA
ESAAB
ES&H
ETC
EVMS
Fermilab
FESHM
FRA
FPD
FY
GeV
HA
HEP
HEPAP
IL
IEPA
IPT
ISM

Acquisition Executive

Associate Director

Accelerator & NUMI Upgrades
Argonne National Laboratory
Avalanche Photo Diode

Associate Project Manager
Accelerator Readiness Review
Acquisition Strategy

Accelerator Safety Envelope
Baseline Change Proposal

Baseline Change Request
Cooperative Agreement

Cost Account Manager

Change Control Board

Critical Decision

Conceptual Design Report

DOE Chicago Office
Decontamination & Decommissioning
Deputy Project Manager

Department of Energy

DOE Fermi Site Office

Environmental Assessment
Environmental Assessment Worksheet
Environmental Protection Agency
Energy Systems Acquisition Advisory Board
Environment, Safety and Health
Estimate to Complete

Earned Value Management System
Fermi National Accelerator Laboratory
Fermilab ES&H Manual

Fermi Research Alliance

Federal Project Director

Fiscal Year

Giga-electron Volts

Hazard Analysis

High Energy Physics

High Energy Physics Advisory Panel
lllinois

lllinois Environmental Protection Agency
Integrated Project Team

Integrated Safety Management
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IPR
kw
kT
LEED
LLC
M&O
M&S
Mi
MIE
MINOS
MN
MNS
MOU
NESHAP
NPDES
NOVA
NSAC
NUMI
OECM
OHEP
OPA
OPC
OSHA
PARS
PEP
PMG
PMP
PSAD
PM
PVC
PWG
QA
QC
R&D
RF
RGU
SAD
SC
TDR
TEC
TPC
VE
VM

NO VA Project Execution Plan

Independent Project Review

KiloWatt

KiloTon

Leadership in Energy and Environmental Design
Limited Liability Corporation

Management & Operating

Materials & Supplies

Main Injector facility

Major Item of Equipment

Main Injector Neutrino Oscillation Search
Minnesota

Mission Need Statement

Memorandum of Understanding

National Emissions Standards for Hazardous Air Pollutants Permit
National Pollution Discharge Elimination System
NUMI Off-axis electon-neutrino (v) Appearance
Nuclear Science Advisory Committee
Neutrinos at the Main Injector facility

Office of Engineering and Construction Management
Office of High Energy Physics

Office of Project Assessment

Other Project Costs

Occupational Safety & Health Administration
Project Assessment and Reporting System
Project Execution Plan

Project Management Group

Project Management Plan

Preliminary Safety Assessment Document
Project Manager

Polyvinyl Chloride

Project Working Group

Quality Assurance

Quality Control

Research and Development

Radio Frequency

Responsible Government Unit

Safety Assessment Document

DOE Office of Science

Technical Design Report

Total Estimated Cost

Total Project Cost

Value Engineering

Value Management
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WBS Work Breakdown Structure
WSHP Worker Safety & Health Program
WSS Work Smart Standards
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