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Definitions

STA or Stationis a Civil Engineering/ Land Surveying term used to describe a distance of 100 foot
increments, or portions thereof from STA 0+00 or the starting point along a line or alignment. It is used as
an address or location for design andstouction layout.

Some examples:

STA 1+00, which means 100 feet, from Station 0+00 which is typically used as the starting point,
STA 1+50 means 150 feet from Station 0+00

STA-2+38.8 is a distance of 238.8 feet before or upstream of Station 0+00

STA12 4 7, 356 LT is a distance along the |l ine and ¢
and 356 |l eft (LT) of the Iine or alignment while

BeamOff: This refers to access to a facility, rooomderground spacetc., (area).flthe area is called

out as bearoff, it means that access to that area is restricted by an intexyatdm and one can only
accessvhen theprotonbeam is off. In an emergency situation, if access is required into/thru adfeam
area then the interloakoor is opened, the beam shuts off and emergency access is allowed/available.

BeamOn: This means access to an area that is called out asdreamallowed when thprotonbeam is
on.

Vi
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1 |l ntroducti on
1.1 Introduction to LBNE

The LongBaseline Neutrino Experiment (LBNE) Project team has prepared this Conceptual Design
Report (CDR) which describes a woudthss facility to enable a compelling researchgpaim in neutrino

physics. The ultimate goal in the operation of the facility and experimental program is to measure
fundamental physical parameters, explore physics beyond the Standard Model and better elucidate the
nature of matter and antimatter.

Although the Standard Model of particle physics presents a remarkably accurate description of the
elementary particles and their interactions, it is known that the current model is incomplete and that a
more fundamental underlying theory must exist. Results fitmamlast decade, revealing that the three
known types of neutrinos have nonzero mass, mix with one another and oscillate between generations,
point to physics beyond the Standard Model. Measuring the mass and other properties of neutrinos is
fundamentala understanding the deeper, underlying theory and will profoundly shape our understanding
of the evolution of the universe.

1.1.1 About this Conceptual Design Report

The LBNE Conceptual Design Report is intended to describe, at a conceptual level, the samségand

of the experimental and conventional facilities that the LBNE Project plans to build to address a well
defined set of neutrinphysics measurement objectives. At this Conceptual Design stageBNE
Project presents Reference Desigfor LBNE andalternative designs that are still under consideration
for particular elements.

an intense neutrino beam aimed at a far site

1

i detectors located downstream of the neutrino source
I a massive neutrino detector located at the far site

1

construction of conventia facilities at both the near and far sites

The selected near and far sites are Fermi National Accelerator Laboratory (Fermilab), in Batavia, IL and
Sanford Underground Research Facility (SURF), respectively. The latter is the site of the formerly
proposé Deep Underground Science and Engineering Laboratory (DUSEL) in Lead, South Dakota.

This CDR is organized into six staiatbne volumes, one to describe the overall LBNE Project and one
for each of its component L2 projects:

Volume 1:The LBNE Project

LBNE Conceptual Design Report
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Volume 2:The Beamline at the Near Site

Volume 3:Detectors at the Near Site

Volume 4:The Liquid Argon Detector at the Far Site
Volume 5:Conventional Facilities at the Near Site

Volume 6:Conventional Facilities at the Far Site

Volume 1 is intended to prowdreaders of varying backgrounds an introduction to LBNE and to the
following volumes of this CDR. It contains higgwvel information and refers the reader to tegpecific
volumes and supporting documents, also liste&eation1.1.5 Each of the other volumes contains a
common, brief introduction to the overall LBNE Project, an introduction to the individual L2 project and
a detailed description of its conceptual design.

1.1.2 LBNE and the U.S. Neutrino-Physics Program

In its 28 report, the Particle Physics Project Prioritization Panel (P5) recommended eclassid
neutrinephysics program as a core component of the U.S. particle physics pridjrancluded in he

report is the longerm vision of a large detector at the formerly proposed Deep Underground Science and
Engineering Laboratory (DUSEL) in Lead, S.D. (now SURF), and a-ihighsity neutrino source at
Fermilab.

On January 8, 2010, the Department of rgpe(DOE) approved the Mission Need for a new
long-baselineneutrino experiment that would enable this wanlldss program and firmly establish the
U.S. as the leader in neutrino science. The LBNE Project is designed to meet this Mission Need.

With the facilities provided by the LBNE Project, the LBNE Science Collaboration proposes to mount a
broad attack on the science of neutrinos with sensitivity to all known parameters in a single experiment.
The focus of the program will be the explicit demonstratid leptonic CP violation, if it exists, by
precisely measuring the asymmetric oscillations of riype neutrinos and antineutrinos into electron

type neutrinos and antineutrinos.

The experiment will result in precise measurements of key-flareer neurino-oscillation parameters
over a very long baseline and a wide range of neutrino energies, in particular-ti@afiRy phase in

the threeflavor framework and the mass ordering of neutrinos. The unique features of the experiment
the long baselinghe broaeband beam, and the high resolution of the detéctall enable the search for
new physics that manifests itself as deviations from the expectedfithreeneutrineoscillation model.

The scientific goals and capabilities of LBNE are oetlinn Volume 1 of this CDR and the 2010 Interim
Report of the Londaseline Neutrino Experiment Collaboration Physics Working Gr{i]ps

Siting the Far Detector deep underground, a scope opportunity BINE may seek to pursue in the

future with noADOE funding, would provide opportunities for research in additional areas of physics,
such as nucleon decay and neutrino astrophysics, in particular, studies of neutrino bursts from supernovae
occurring in arr galaxy.

Volume 5: LBNE Conventional Facilities at the Near Site
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1.1.3 LBNE Project Organization

The LBNE Project Office at Fermilab is headed by the Project Director and assisted by the Project
Manager, Project Scientist and Project Systems Engineer. Project Office support staff include a Project
Controls Manageand supporting staff, a Financial Manager, an Environment, Safety and Health (ES&H)
Manager, a Computing Coordinator, Quality Assurance, Procurement and Risk Managers, a
documentation team and administrative support.

The Beamline, Liquid Argon Far Detectand Conventional Facilities L2 Projects are managed by the
Project Office at Fermilab, while the Near Detector Complex subproject is managed by a Project Office at
Los Alamos National Laboratory (LANL).

More information on Project Organization can be fibim Volume 1 of this CDR. A full description of
LBNE Project management is contained in the LBNE Project ManagemerBRlan

1.14 Principal Parameters of the LBNE Project

The principal parameters of the maRnoject elements are givenTiablel-1.

Tablel-1: LBNE Principal Parameters.
Project Element Parameter Value
Near to FarSite Baseline 1,300 km
Primary Beam Power 708kW, upgradale to 2.3 MW
Protons on Target per Year 6.5 x 16°
Primary Beam Energy 60i 120 GeV (tunable)
Primary Beam Type Horn-focusedwith decay volume
Neutrino Beam Energy Range 0.55 GeV
Neutrino Beam Decay Pipe Diameter x Leng{ 4 m x 203.7m
NearSite Neutino Detector Type LArTPC
NearSite NeutrinoDetector Active Mass 18ton
Far Detector Type LAITPC
Far Detector Active (Fiducial Mass) 13.5 (1Q kton
Far Detector Depth 3 m overburden
1.15 Supporting Documents

Additional information related to the CDR is @lable in a set of supporting documents. Detailed
information on risk analysis and mitigation, value engineering, ES&H, costing, project management and
other topics not directly in the design scope can be found in these documents, li&btki2. Each
document i s numbered
combination provided by the Project. Project documents stored in this database are also made available to
internal and external resiv committees through Web sites developed to support individual reviews.

LBNE Conceptual Design Report
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Tablel-2: LBNE CD-1 Documents.

Title LBNE doc Number(s)
Alternatives Analysis 4382

Case Study Report; Liquid Argon TPC Detector 3600

Configuration Management Plan 5452

DOE Acquisition Strategy for LBNE 5442

DOE Preliminary Project Execution Plan 5443

Integrated Environment, Safety & Health Management Plg 4514

LAr-FD Preliminary ODH Analysis 2478

LBNE Reconfiguration Final Repbr Linked from

LBNE web site
(Ibne.fnal.gov) under
AReports an
Document s o
Global Science Objectives & Science Requirements, and | 4772

Traceback Reports

Muortinduced Background for Beam Neutrinos on the 6159
Surface

Preliminary Hazard Analysis Report 4513
Preliminary Security Vulnerability Assessment Report 4826
ProcuremenPlan 5329
Project Management Plan 2453
Project Organization Chart 5449
Quality Assurance Plan 2449
Report on the Depth Requirements for a Massive Detectoy 0034
Homestake

Requirements, Beamline 4835
Requirements, Far Detector 3747
Requirements, Far Site Conventional Facilities 4958
Requirements, Near Detectors 5579
Requirements, Near Site Conventional Facilities 5437
Risk Management Plan 5749
The Science and Strategy fo LongBaseline Neutrino 8625
Experiment Near Detector

Value Engineering Report 3082
Work Breakdown Structure 4219

1.2 Introduction to LBNE Conventional Facilities at the Near Site

The objective of this volume of the Conceptual Design Report (CDR)dsdoment the Conventional
Facilities required to hougte Long Baseline Neutrino Experiment (LBNE) on the Fermilab site, which
is also referred to as the Near Site. Facilities in this scope of work include the Befaailities and a
small muon alcovearea in the Absorber HalFor this muon alcove,he design of the technical
components and their subsequent construction and fit out thearesponsibility of the Near Detecld?
project The scope discussed in this volume represents the full se@€omceptual Design level, for all
Conventional Facilities required to support the Projexiuded in Volume 2, TheBeamlineat the Near
Site and Volume 3,Detectors at the Near SiteA complete discussion on alternative design
configurations and opins considered during the Concept Design phase is avaithbld BNE

Volume 5: LBNE Conventional Facilities at the Near Site
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Alternatives Analysif4]. This Conceptual Design effort has been completed in support of obtaining DOE
approval for CB1 and as such, the programmatic requirements described in this volume are developed to
a level to support the Conceptualdi milestone of this Projectufther detailed development of all
aspects of the design and requirements will be required to stippwe phasesf the Project

The Main Injector (MI)Acceleratoris part of the existing Fermilab infrastructure and as discussed in
Volume 2 Thenumerical addressés.g. MIF10, MI-14, MI-60, etc.),around the Mlare used to indicate
the points of extaction or locations oftechnical componentslongthe Main Injector. Thebaseline
design for the LBNE Proje@xtractsa proton beam from the MIO point of the Main Injectowhich, in
conjunction with the Far Detector locatiodetermines the locationf dhe Near Site Conventional
Facilities. The Near Site Conventional Facilities not only provide the support buildiogshe
underground facilitiesbut also providethe infrastructure tdhousethe Beamlindechnical systemgom

the extraction pointhrough the target and absorb€&he requirednfrastructure is summaridebelow and
detailed inthis volume inChapter3, The Facility Layout Chapter 4,New Surface Buildingsand
Chapter 5New Underground Structures

After the proton beam is extractatt MI-10 at the starting point (STA 0+00 which is approximately 0.76
ft upstream of the first extraction Lambertson maygrabout 30 ft below gradethe Beamline will
continue along the Primary Bedgémclosureat an inclinento andthroughan embankmentonstructed of
engineered fillwhich reaches a maximum height of abb8ift above existing grade. After reaching the
apex of the embankment the Beamlitezlines backtoward existing gradandthrough the Target Halg
668ft (203.7m) long Decay Pipe, am the Absorber Hall. Downstream of the Absorbeall, the
Beamlineis directed through bedrogckllowing muons to range out before the beesaches thesite
boundary Figure 1-1 shows a schematic longitudinal sectbf the entire Near Sitayith an exaggerated
vertical scaleof 3 to 1to show the entiré@rojectalignment in ondllustration As the beam extraction
point from the Ml is near MH10 Service Buildingand the argetis above existing grader shallow the
Projectreference desigis referred to ad BNE MI-10 Shallow. Other options that were considered are
discussed in theBNE Alternatives Analysigl].

APEX OF

EMBANKMENT
MAX. HEIGHT = 58'+
MIN. ELEV. 799+ MI-10 POINT OF —
LBNE 20 23' SOIL : EXTRACTION

e TARGET HALL
ABSORBER HALL GETHALL  SHIELDING

SURFACE BUILDING LBNE 5 - PRIMARY BEAM

SERVICE BUILDING

EXISTING ELEV. 751% -\

EXISTING j L privary -
ELEV. 741+ BEAM
ENCLOSURE

FLOOR ELEV. 659 b /A\ TARGET ROCK
~ ELEV. 750
o PPE BEAMLINE
ABSORBER HALL o3 ROCK/SOIL
et

DECR
AND MUON ALCOVE 3

I

@ EXTRACTION
Y EFcek ENCLOSURE

MAIN INJECTOR

Figurel-1: LBNE MI-10 ShallowNear Siteschematic longitudinal section view.
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Specifically, the bearwill travel approximatelfl078ft (328.7 m) from the extraction poirthrough the

proposed Primary Beafnclosure to the Target Hallhere itinteracts with a target and a focusing horn
system to create an intenseutrino beam thatill be direcedthrough a668-ft (203.7-m) long decay pipe

through a hadron absorband muon detectorsyhere the bearwill then leave the Absorber Hallhe
neutinobeamwillt hen continue through the earthés mantl e

1,300 km(~808 miles)away at the SanfortdndergroundResearch Facility (SURHpcated in Lead,
South DakotaSURFis referred to as the Far Site.

The Near Site Conventional Facilitied BNE Projectlayout at Fermilalh the Near Siteis shown in
Figure 1-2. Following the beam fronsoutreast tonorthwest, orfrom right to left in Figure 1-2, is the
Extraction Enclosurghe Primary Beariznclosure and taccompanying surfadgased Service Building
(LBNE 5), TargetComplex (LBNE 20) located in the engineered fill embankmethie Decay Pipe, the
underground Absorber Hallith Muon Alcove, and its surfacéasedService Building (LBNE 3

LBNE20 ¥ | ‘E
| (TARGET HAEL :‘-BN':“P IMAE

/| COMPLEX BEAMLINECSS,
L EXTRACTION
S % /| ENCLOSURE 2

(ABSORBER [/
COMPLEX

? o —

avod Xt

d’ =

Figure1l-2: LBNE Near SiteProject Layout at Fermilab

The beamline is designed for initial operation at prdieam power of 708 kW, with theapability to
support an upgrade to 2.3 MW. Thasemponents of the conventional facilities that cannot be upgraded
efficiently in a cost effective manner adesigned for a proterbeam power of 2.3 MW. Examples of
these components include the Decay Ripd associated shielding (Sectibr2), and the astin-place
concrete andteelshieldingin theTarget CompleXSection4.2), and Absorber Hall (Sectidn3).

Volume 5: LBNE Conventional Facilities at the Near Site



Chapter 1: Introduction 1-7

1.3 Project Participants

The LBNE Beamline and muonNear Detectosystem located in the iwbn Alcove of the Absorber Hall,
are planned to be located on the Fermilab site, which is managed Beriini Research Alliance, LLC.
The design and construction of LBNE NeateSConventional Facilities will be executed in conjunction
with the Facility Engineering Services Section (FESS) staff.

The LBNE Project Conventional Facilities is managed by staff organized according to the Work
Breakdown Structure (WBS) and is led lne tConventional Facilities Project Managé/BS Level 2).

The supporting team includes a Conventional Facilities LeM& SiteManager who is a part of, and
works directly with, the FESS engineering staff. The Level 3 Near Site Manager is also tRePrgjNct
liaison with the Beamlindevel 2 Projectand the Near Detector Complex L2 Projéatensure the
beamline and detector requirements are met and is responsible for all LBNE scope at the Near Site.

The Conventional Facilitied.evel 3 Near SiteManager has, and will continue to oversesultiple
engineering design and construction consultants. Design consultants have specific areas of expertise in
excavation, rock support, geotechnical engineering, deep fourglagensynthetic barrier systems,

fire/life safety, electrical power distribution, cyberinfrastructure, cooling with chilled water, an
heating/ventilation systemBe si gn consul tants for LBNE&6s Concept
and AECOM for surface facilities and infrastructure, and DV.Wightman & Company for rock
excavation and supportn addition, Ed Kavazanjian, HD. provided an independent review and
assessment of the Geomembrane barrier system of the Decay Region that is discussed f25kction

Interaction between FESS engineers, LBNE Near Site design teams, and design consultants was
completed with weekly conferences, periodic design interface workshops, and electronic mail. The
Conventional FacilitiesLevel 3 Near Site Manager coordinates all formation between design
consultants to assure that design efforts remain on track.

1.4 Codes and Standards

Conventional Facilities to be constructed at the Near Site shall be design and constructed in conformance
with the Fermilab ES&H Manual (FESHM) Chapte®70, Work Smart Set, revision 8, dated August
2011 (http://esh.fnal.gov/xms/FESHM), but particularly the latest edition of the following codes and
standards:

1 Applicable FederaCode of Federal Regulations (CFE)ecutive OrdersandDOE
Requirements
2009International Building Code (IBC)

AFire Protection/ Li fCenceptaaf Design of the NearSitcwfdlomgy f or t |
Baseline Neutrino Experiment (LBNE)I-10 Shallowi CD-1 Reference Design,  dAagust d
10, 2012 by Aon/Schirmer Engineering

The Occupational Health and Safety Act of 190&HA)
NFPA 101, Life Safety Code
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NFPA 520, Standard on Bigrranean Spaces, 2005 Edition
NFPA 72, National Fire Alarm Code

American Concrete Institute (ACI) 318

American Institute of Steel Construction Mahuai" Edition
ASHRAE 90.32007, Energy Standard for Buildirsg
ASHRAE 62, Indoor Air Quality

2009 National Electrical Code (NEC)

American Society of Mechanical Engineers (ASME)
American Society for Testing and Material (ASTM)
American National Standardsdtitute ANSI)

National Institute of Standards & Technology (NIST)
Insulated Cable Engineers Associat{t@EA)

Institute of Electrical and Electronics Engine@EEE)
National Electrical Manufacturers AssociatiyEMA)
American Society of Plumbing Enwgers (ASPE)
American Water Works Association (AWWA)

American Society of Sanitary Engineering (ASSE)
American Gas Association (AGA)

National Sanitation Foundation (NSF)

lllinois Plumbing Code

=A =4 =4 =4 =4 4 4 4 4 4 4 4 4 4 4 -4 -4 -4 - -4 4

Standard Specifications for Water and Sewer Main Constructilinimis, Sixth Addition 2009,
issued bythelllinois Society of ProfessionaEngineers

1 Federal American's with Disabilities Act (ADA) along with State of Illinois ADA amendments
These requirements shall only be applied to those facilities which atedatahe ground
surface and accessible to the public.

Volume 5: LBNE Conventional Facilities at the Near Site



Chapter 2: Existing Site Conditions 2-9

2 Existing Site Conditions

The LBNE Project area is located in the western portion ofRaamilabsite in Batavia, lllinois. The
sections below describe the known and anticipated surface condititims site and also includsgte
geology, groundwater conditiorend natural gasses.

2.1 Surface Development, Topographic and Environmental
Conditions

The site is partially developed withxisting surface and undergroundrisctures for the support of
ongoing research at the laboratory. Existingderground structures include buildingifalations, buried
utilities, shallow tunnel enclosures constiedt by cutandcover methodsthe associated remnants from
previously constructed braced excavatiructures, ad theexisting Neutring at Main Injecor (NuMl)
tunnel which was excavated in the same rock units that LBNE underground enclosures will encounter.

Existing facilities onor adjacent tothe Fermilab property that wilinterface with or constraithe
devebpment of the Project arbd Main Injector, Kautz Roadndian Creek Roadalso known as the
Main Injector Road)the Main InjectoiCooling Pond F, and Kirk Road.

The site surface topography is predominantly flat with areas of prairie gesmss; brushwoodlands,
wetlands and developed sites. Surface elevations withinrtiecParea range froabout740 ft to 760 ft
above mean sea lev@SL). The topography in thérojectarea will not be an impediment to the
development of the construction siteslor tise of standard heavy equipmentfamstruction.

2.2 Overview of Site Geology

Subsurface conditions at thdear Site are compsed of glacial, glaciofluvialand glaciolacustrine
depositsalong withflat lying bedrock strata of the middle to lower Silurjgeriod.In descending order,

the Silurian rock formations include the Markgraf and Brandon Bridge Members of the Joliet Formation,
the Kankakee Fornian and the Elwood Formation. .

Glacial processes during the Wisconsin glaciation resulted in the depaxita thick blanket of glacial

tills, lacustrine silts and clays, and outwash sands amgelgr across the Project ar@ae total thickness

of these overburden sediments in the Projeea aanges fromabout50 ft to 85 ft. The majority of the
sedimerg are over consolidated glacial till deposits consisting of silt, sand, gravel, cobbles and boulders
in a predominantly clay matrix.
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The Project area is situated on the eastern flank of a broad structural arch known as the Kankakee Arch,
separating the Miugan and lllinois bedrock basinghe rock stratigraphy is composed of a sequence of
sedimentary rocks consisting of dolomitic &stone, dolomite, siltstorend shalegenerallySilurianin

age.The underground structures for this Project will be exeavat ormations of these rock typebhe

bedrock surface is an erosional unconformity where overlying rocks of the Upper Paleozoivdra ha
been removed by glaciatiofhe overall dip of the bedrock strata in this region is arourft tb015 t per

mile to the southeasBedrock outcrop exposures are rare, except in quarries (North Aurora and Elmhurst)
and river bluffs, as the rock strata are caerby thick glacial deposits.

The Fermilab site is located in a zone of the centratguittinent that is t#onically stable and a gen

of very low seismic risk.The closest known earthquake source zones capable of producing ground
motions of any significance are located several hundred miles to the south. Active faults are not known to
exist in the Projectraa.

Additional descriptions of subsurfea materials, geologic profileand boring logs along thdear $te
Project alignment are provided in thBNE Site Investigation Geotechnical Engineering SerRegort
[5] prepared by Groff Testing Corporation, dated February 26,, 20i& second independent evaluation
is documentedh the Geotechnical Investigatioideuer Revieg].

2.3 Overview of Site Groundwater Conditions

The groundwater regime within the Project area is controlled by the gliaifiaquifer, bedrock aquifers

and aquitards. The glacial drift aquifer can be categorized #&dbamd basal drift aquiferShe buried
aquifers occur as isolatelenses or layers of permeable silt, sand and gravel outwash, separated by
relatively impemeable clayey and silty tillSThe basal aquifers are associated with localized lenses or
layers of permeable silt, sand and gravel.

The upper bedrock aquifer casts of the upper weatheradd jointed bedrock regardlesgstratigraphy

or lithology but dominantly th&ilurian dolomite formationsThe aquifer has a low primary permeability
and a much higher secondary permeability consisting of local flow systemsiy nagsociated with
discontinuities in the rock mas¥he upper bedrock aquifer is a groundwater source for many private and
public wells in the Batavia area, including thaimwater supply for Fermilal:he potentiometric surface

of the upper bedrock ader is approximatelyl0 ft belowthe bedrock surfacéhowever, groundwater
elevations may vary

Underground enclosures dig¢ LBNE Project will beprimarily constructed in the drift aquifeandthe
upper bedrock aquifeA deegr bedrock aquifer will nobe encountereduring construction oény of
the Projecfacilities.

2.4 Occurrence of Natural Gasses

Throughout northern lllinois isolatqubcketsand production quantities of methane occur in organic silts
and sands associated with interglacial periodse@ally the Sangamon soil unit which represents a long
time interval between the lllinois and Wisconsin stages of glaciation. Methane and hydrogen sulfide
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gasses in bedrock formations are uncommon and are usually a result of contaminated groundwater where
present.

During geotechnical investigations for the nearby NuMI Project, boreholes and representative soil and
rock samples were monitored with flammable gas detection meters in the field for the presence of
methane. Methane gas was not detected and snticipated to be encounterédringthe LBNE Project
excavationsas further described ithe LBNE Site Investigation Geotechnical Engineering Services
Report[5].
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3 The Facility Layout

The LBNEConwentional Facilitieson theNear Siteconsist ofsix functional areas two surface buildings
andanear surfacshallow buried structure locatédanembankmentonstructed of engineered fét the
Target Complexandthreeunderground facilit enclosure. Thetwo surface buildings and single shallow
buried structure arshown in bluen Figure1-2. Construction will be executed and packaged in a logical
sequence based on programmatic and funding driven limitations.

Figure 1-2 shows theProjectsite aerial viewwith LBNE facilities highlighted The Project limits are
bounded by Giese Road to the north, Kautz Road to the east, Main Injector Road to the south, and Kirk
Road to the west. The Beamline is wioin redin Figure 1-2. The three surfaceand neassurface
buildings consist of:

1 Primary BeanServiceBuilding (LBNE 5)

1 TargetHall Complex (LBNE 20
9 Absorber Hall Service Building.BNE 30)

Thethreeundergound facilities casist of:

1 Beamline ExtractiofenclosureandPrimaryBeam Enclosure
91 Decay Pipe

9 Absorber Hall Muon Alcoveand support rooms

Each underground facility has a surface/abgnmind service building that functions as@veyance
conduit for conventional andrggrammatic (for the technical systems) utilities as well as a location for
equipmentconveyanceand personnel access and egress from the underground enclhatieethat the
shallow above andbelow grade Target Hall is included in the surface basmge Hall Complexat
LBNE-20. Figure 1-1 shows thebeamline facilitieslongitudinal section view and how the surface
facilities relate to their corresponding underground facilities.

Based on theConceptualDesign thee will be 165,041yd® of earth excavation]3,540yd® of rock
excavation, 94,900 yd3 of castin-place concretel1,900 If of cutandcover excavation two shafts
(Absorber Hallequipment handling, components handling and access/egressiraashew surfae
buildings with a combined floor space are@88f100sf, and 15,106&f of underground facilities (Primary
Beam Enclosure and Absorber Hall/Muon Alcove) floor space.

The conceptuatlesigndrawings consising of an approximately 75age set oflrawing sleetscalled
LBNE Conventional Facilities at dfkmilab [7], depict the general Project layout, transverse and
longitudinal cross sections of surface and underground facilities, overall Project andualsurface
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and underground facilities plan views, single line diagrams of mechanical, eleghicabing and fire
protection routing and layout, as well as details and general conceptual specificationSarftietional
Facilities as required by thechnicalsystem groups.

The LBNE Conventional Facilities CDR Drawindg] are the source of most of the figures in this
volume. These drawings may be referenced for greater design detail of thenGamsd Facilities
planned at the Near Site

3.1 Project-Wide Considerations

There are several design considerations that apply to many of the facilities that will be constructed for
LBNE and are not necessarily specific ttyaingle structure or systerfihese considerations include the
structural and architectural treatment of surface structures, structural and excaygtioaches to
underground or shallow buried sttures, environmental protection, fire protection and life safety
systems, safeguards asdcurity, emergency shelter provisions, energy conservation, and DOE space
allocation. Thes®rojectwide considerations are addressed in this section.

3.1.1 Structural and Architectural for Surface Structures

The structural building and construction systems tfte Near Site Conventional Facilities will be
constructed utilizing conventional methods similar to systems established at Fermilab for -t faear
structures. The architectural features oflear SiteConventional Facilities will includéhreesuface or
nearsurface buildings:

9 Primary Beam Service Building.BNE 5)
1 Target Hall Complex (LBNE 20)
1 Absorber Service BuildinBNE 30)

The Primary Beam Service Building and the Absorber Service Building will be constructed as a braced
frame, steeindconcreteconstruction with prefinished metal siding. The construction type and style will
be consistent with similar adjacent facilities on the Fermilab campus. The Target Complex support
service rooms will be constructed of mrast and cash-place conrete and braceffame, steel
construction with prefinished metal siding as well as natural concrete finish. A Fspgsitfic style of
architecture will be developed to unify and mitigate the presence of new builgingsthe surrounding
environment

The applicable requirements of the Uniform Federal Accessibility Standards (UFAS), Americans with
Disabilities Act (ADA) and the Americans with Disabilities Act Accessibility Guidelines (ADAAG) will

be incorporated into the design of this project. Complianitd the ADA will be based upon an
evaluation of the job descriptions and required tasks for the personnel assigned to work in these surface
buildings and underground facilities. Those areas of the buildings and underground facilities that will
require acessibility as well as the established routes to those areas will be designed in full compliance
with the existing statutes.
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3.1.2 Structural and Excavation for Underground Structures

The construction systems for the underground portion of the LBNE Conventiawadities will be
constructed utilizing conventional underground excavation methods.

Most of the belowgrade facilities to be built will be constructed using standard open cut methods. This
includes much ofthe Beamline ExtractiorEnclosureand Primary BeamEnclosure the Target Complex,

the Decay Pipeand the AbsorbeHall. However, some of thBrimary BeamEnclosure and all of the
Target Complexwill be constructedn an embankmentonstructed of engineered filhat reaches a
maximum height of abous8 ft above existing grade. The toe of the embankment is shown as a red
dashed line ifFigure3-1. The extent and height of the embankment will cause consolidation (settlement)
of native in situ soils resulting in potential adveisgacts to existing facilities including the Main
Injector. Figure 3-1 also shows the locations, limits, and types i@ckdexcavation andetainingwall
systems that are planngaprovideprotection of the Main InjectoBecaise of the consolidation of in situ
soils caused by thembankment most of the Primary Be&mnclosure and portion ofthe TargetHall
Complex will be supported using drilled shaft foundations which are describegteiater detail in
Chapter 4.

The DecayPipe and the Absorbétall will be constructed using open cut methods requiring excavation
down to, and into, the bedrock underlying the project site. Open cuts will be as deep and about 70 feet in
soil and another 25 feet or so in roBlack will be excaated using quarry type drill and blast techniques.

All structures will be covered witthe required minimun23 ft of earth shielding abovand around all
beamlineenclosures

Rock supportof excavations in rock will be provided bgck bolts or rock dowsl Shotcrete will be
applied to exposed rock facé\ portion ofthe Absorber Halwill be excavated in rock
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Figure3-1: BracedExcavationand Retaining Wall Systemsth red dashed line showing the toetoé
embankment
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3.1.3 Environmental Protection

The overall environmental impact of thi#soject will be evaluated and reviewed as required to conform to
applicable portions of the National Environmental Policy Act (NEPA). All required permits will be
obtained pior to the start of constructiouring theupcomingPreliminary Desigrphase of thé’roject
environmental consultants wilbcate and define the limits of all areas impacted by the project including
wetland areg floodplain and storm water managemangas sites ofarchaeological concern, amahy
otherecological resourcarea. They will then assighe FermilabNEPA Program Manager and DO
thepreparation on Environmental Assessment.

A wetland delineation and wetland study has been conduttaas thatreanticipated to be disturbed

by LBNE construction activities. Th#&/etland Reportvas prepared by Patrick Engineering, In@m,
August 2010[8]. The Wetland DelineationFloodplain, ad Cultural Resources MajseeFigure 3-2)
showthat limited wetlandsand floodplain, as well as two archaeological sitesrtagtbe encountered in

the area of LBNE 20, LBNE 30, and possibly other areasry effort will be mad to avoid, minimize,
and/or mitigate disturbande the two archaeological sites; potential impacts will be evaluated during the
NEPA process.

In compliance with U.S. Army Corp of Engineers requirements, LBNE must mitigate the disturbance of
wetland areasaused by construction activities. To mitigate impacts, LBNE intends to purchase wetland
credits from a wetland bank. The number of credits to be purthalde based on the area and quality

of wetland acres disturbed.

Any volume of the floodplain alanthe Project alignment that may require filling, notably at and near the
LBNE 20 site and along the shieldieghbankmenbver the Primary Bearanclosure, will be delineated
and the required compensatory floodplain storage voluidowvidesigned and comsttedaccording to
FEMA regulations.

Every effort will be made to pursue pollution prevention opportunities. Pollution prevention (source
reduction) is recognized as a good business practice that also enhances site operations. Pursuing pollution
prevention enables Fermilab to accomplish its mission of achieving environmental compliance, reducing
risks to health and the environment, and preventing/minimizing future DOE legacy environmental issues.

LBNE Conceptual Design Report



3-16 Chapter 3: The Facility Layout

Figure3-2: WetlandDelineatio, Floodplain, and Cultural Resourktap.

3.1.4 Fire Protection / Life Safety Systems

A Fire ProtectiorLife Safety(FLS) AssessmeiReportwascompletedby AoryShirmerFire Protection
Engineering Corp.dr the LBNE Projecf9].

Consistent with the FLS reporfadility access and egress will be designed and provided in accordance
with all applicableNational Fire Protection AssociatiofNFPA) Life Safety Codes and Standards
including NFPA 20: Standard on Subterranean Spacesich requiresadequate egress in the event of

an emergencyegress paths for surface (service buildings) and underground facilities (tunnels and halls)
have been conceptually designed to limit the travel paths tosegnedts, stairways, and safe/fire rated
corridors to the exterior and surface to a safe gathering location. The specific egresarealgssribed

in Chapter 5.

Facility fire detection and suppression systems, as well as personnel occupancy requyingithdras
defined in accordance with NFPA 10life Safety CodeFire alarm systems will be designed with a
minimum standby power (battery) capacity. These batteries will be capable of maintaining the entire
system in a no@larm condition for 24 hours, dnto 15 minutes in fulload alarm conditionFire
alarm/fire suppression systems for the LBNE Conventional Facilities will be designed in accordance with
the applicable sections of the Fermilab Engineering Standards Manual which requires that fagilities b
equipped with a hardiired, zoned, general evacuation fire alarm systenmalbatncludes:
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