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Conventional Facilities Overview — 4850ft level
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Cavern Shape Alternates

Description Dia or | Wall Length | Conclusion
Width Helght

100kt cylindrical Economical Excavation

150kt cylindrical 66m 64m - Economical Excavation

200kt cylindrical 66m 81m - Economical Excavation

300kt cylindrical 66m 119m - Disfavored due to high stress

deep in walls

300kt cylindrical 87m 69m - Disfavored due to high stress

broad in dome

150kt Mailbox 32m 64m 115m  Distavored due to high stress
in walls

300kt Mailbox 41m 64m 167m  Distavored due to high stress
in walls
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Cavern Shape Alternates

UNIT 1 — [ Eg!!;l-'-Elg B
RHYOLITE o AMPHIBOLITE
Eg?g’;‘_gvﬂ — L APPROXIMATE UPPER AND LOWER BOUNDARIES OF
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TERTIARY RHYOLTE DIKES — Tr BH3 BOREHOLE DESIGNATION

NOTES:
(1) IMAGE CREATED USING VULCAN (MAFTEK, 2010) 3D MODELING SOFTWARE.
(2) POTENTIAL STRUCTURES AND LOCATION OF RHYOLME DIKE COMPLEX DEVELOPED BY LISENBEE & TERRY,

2010,
o L I TUNEEE |00 piUyEEmmEme
é c) Displﬂcg?g\tﬁ/d\ffﬂef\tjwjlo@ie)qr%rence O&’?Eﬂgé\?’ 20 11 d) Displacements — E-W section — looking SW looking NE
5 DATE: August-2010 poc: G.G.

PROJECT: 093-81779 m - Golder chk:  J.L.C.

12

ApD: R.P.




Cavern Shape Alternates

DUSEL — Homestake Mine
Mesh: FLAC3D Modelling FIGURE 26

Near-field element size = 1.5 m 150 kt Circular Cavern Geometry
Near-field zone = 15 m

a) FLAC3D mesh — N-S section — looking NE looking SW b) FLAC3D mesh — E-W section — looking SW looking NE
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Shape Alternates

DUSEL — Homestake Mine
Mesh: FLAC3D Modelling FIGURE 32

Near-field element size = 1.5 m 150 kt Mailbox Cavern Geometry
Near-field zone = 15 m

a) FLAC3D mesh — N-S section — looking NE looking SW b) FLAC3D mesh — E-W section — looking SW looking NE

maximum wall
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c) Displacements — N-S section — looking NE looking SW d) Displacements — E-W section — looking SW looking NE
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The LBNE WCD Cavern

o A 200kt detector design is selected based on an
upright cylindrical excavation with dimension of
65Mm@ 81.3m high.

o April 2011 the Large Cavity Advisory Board reviewed
prospects for a 200kt cavern.

o “Acombination of favorable rock mass strength and structural
conditions and an in situ stress field that is reasonably benign means
that a stable 65 m diameter 102 m high vertical cylindrical cavern can
be constructed at the selected location on the 4850 level of the
Homestake mine.”

e Details of the excavation are in David Vardiman's
talk on Wednesday morning.
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Total PMTs 287149
Cell Area ma2 0.74
Cell size I 0.86
PIITs o wall 20240
PIMTs on Floor 4239
PMTs on Deck 4239
Mumber of cells across deck & floor

diameter 73
Mumber of cells to traverse the

height of wall 88
Mumber of cells around perimeter

of wall 230
Fiducial diameter m 59.30
Fiducial Height I 72.60
Dia of cylinder at PMT equator m 63.30
Height of cylinder at PMT equator m 76.60
Water diameter I 65.00
Water height I 50.10
Total water volume ma3 265796
Wetted Surface "2 19675
Surface to volume ratio - 150.074
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Magnetic Field Compensation - Coils

Horizontal coils

e 81 colls along wall
o 1m spacing

 11Circular colls top/bot
Vertical Coills

« 58 Vertical loops
o 1m spacing

Saddle Coills
e 4 sets
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Residual Field

<50mG for 75% of PMTs
<100mG for 95% of PMTs
<150mG for all PMTs

« Wall colls buried under Shotcrete

e Distance of 83cm from excavated surface

to PMT equator sets coil spacing

o Many more coils than Super-K
® J Stewart ANT11 Conference October 2011 016




Magnetic Field Compensation - Coils

GROUND WATER VERTICAL DRAN STRIPS
[Fem Wk lem THC
2M APART ALL AROUND PERIMETER

2.5cm PVC PERFORATED DRAIN CONDUIT
QY & PATTERN 180

UHP WATER
VESSEL LINER LAYER
|.5mm

WALL CONSTRUCTION

DETECTOR LEAK COLLECTION LAYER PLRED COILS

lem THK
SMOOTHING SHOTCRETE

2.5cm MINIMUM COVER

20cm H x Z0em W x |0cm
(85%) JINCTION BOX CRORE.
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Il
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FIPER REINFORCED SHOTCRETE
7.5 em MINIMUM THC

STEEL REINFORCING MESH

VERTICAL MAGNETIC COMPENSATION COL R5Z.BM
@ Zem x IM SPACING MIN ROCK FACE

Horizontal coils

e 81 colls along wall
o 1m spacing

 11Circular colls top/bot
Vertical Coills

« 58 Vertical loops
o 1m spacing

Saddle Coills
e 4 sets

Residual Field

<50mG for 75% of PMTs
<100mG for 95% of PMTs
<150mG for all PMTs

« Wall colls buried under Shotcrete

e Distance of 83cm from excavated surface
to PMT equator sets coil spacing

o Many more coils than Super-K
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IceCube Mu-metal Cage for 10" PMT Daya Bay Finemet Cone on 8" PMT

* |Investigating passive shielding for the PMTs.

o Mu-metal wire frame, Foil shield, or combination

e PMT QE vs Field measured for 10” PMTs

o 12”7 Hamamatsu PMTs will be measured soon
® J Stewart ANT11 Conference October 2011 e17



Water Cherenkov Deck

Alternate
Decking

Curtain :
Wall Material

10 m wide balcony
for electronics and
cable storage.

46 korbels support
balcony from roof

Inner deck
supported by 8-10
major trusses 4m

Truss

high _

1-1.5 run between .. Level 1
the major trusses T

Stainless steel Huts and Access

working surface i Cable Storage Aisles

Gondolas are
planned along the

e etorTor e Wall PMTs installed from a
wall/PMTs work platform under the
balcony.
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Water Cherenkov Deck

Alternate
Curtain Decking
Major Wall Material
Truss
Electronics
Huts and Access
i Cable Storage Aisles

S Wall PMTs installed from a
wall/PMTs work platform under the
balcony.
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Light Weight Deck Design

Trusses
supported

from dome 10 m Wide

work deck

" Investigating low mass tensile archit




e Used scaled
Super-K data
without outer
detector cut to

determine

background in

LBNE | /uweum

Y

B o B o B , : C-8DE -0DTK <
l a& brf ) CIAET-, &(
T T T T T T T lees e e e

Without Tyvek With Tyvek - : : R : X75 ,-0DTK <
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“« With only Top Veto achieved <1%
BG in fully contained atmospheric
neutrino events.

o Required a 100 MeV energy threshold
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« 85cm space is planned o s
between the PMT
equator and the wall.

o Simple prototype
measurements indicate
that a veto with
efficiency >90% can be
installed in this volume.

e More detailed
measurements are
planned.

o Simulations will be
performed to
defermine the impact
on physics.

Rock Muon

- FNAL Beam
~—

\
\
\

® J Stewart ANT11 Conference October 2011 2]



PMT Selection

* Arequest for information was sent to PMT vendors
with the LBNE specifications.

e Hamamatsu and ADIT/ETL expressed interest and are
developing PMTs

e Candidate PMTs are:
e 10" Hamamatsu HQE
e 12" Hamamatsu HQE PMT (Under development)
e 11" ADIT/ETL PMT (Under Development)

e First 12" Hamamatsu High QE PMTs under test

e First 117 ADIT/ETL mechanical samples available

e Prototype working ADIT/ETL 11" PMTs also on order, scheduled to arrive
~Nov.2011.

Process of working with vendors toward the final selection is
underway

022



PMT Stress
Analysis

Stress analysis, glass thickness,
profile measurements have been
done on 10", 12" Homamatsu
PMTs and 11" ETL PMTs.

10 and 12" PMTs have been
pressure tested under rapid
pressure rise conditions.

Slow pressure rise test setup is
being prepared fo study aging
effect of glass on mechanical
stfrength.

So far mechanical strength of 10"
PMT is found to be far below the
11" and 12" tubes for rapid
pressure rise conditions.

Expect newer tubes will have

sufficient pressure rating
® ] Stewart ANTI1 Conference October 2011




PA Housing Options Under Development

* Shell around back side may reduce
impact of PMT implosion
= |mplosion dynamics under study

by simulation and planned tests

* Base cup protects pins area from
hydrostatic pressure

* Bulb is fully exposed to hydrostatic
pressure

Pressure Hull
» Acrylic dome and back-shell protects
entire PMT from hydrostatic pressure
m Backup design (risks of implosion in other
housing designs still being assessed)
* Light loss in lem acrylic, bmm gel is 5-7%
= Need more PMTs, also other extra costs

Form-Fit

* Front of bulb exposed ~ to water

* Back-shell sealed to PMT near equator

* Back of bulb and base at | bar air pressure
= Addresses known concentration of stress

in these parts of the PMT glass (12”)

Images from D. Wahl@PSL,
T. Benson@UWI
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PMT Coverage (How Many?

Used the R11781 12" Homamatsu PMT
for present design
o Final PMT decision will be result of a
detailed procurement process.
If selected the HQE version would be
used.

Peak QE for 10" tubes is 35% higher
then NQE tubes.

Assumed a 30% increase in peak QE
for the 12" to be conservative.

HQE tubes are blue enhanced so this
corresponds to about a 60% increase
in light vield in air.

E 357
N 30
25-
20
157
10-
5-
0
15
Ym0 s

15
X (W)

Figure 5: Target Hits for the Simulated SuperK IT Detector
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Thg 200kt detector was modeled in
M

o The PMT and water characteristics
included

o Model was verified with cross check to
Super-K
38k tubes had equal light yield to
Super-K I

Assume a 40% increase in light yield is
possible with use of Winston cones or
scintillator plates.

Present design is based on 29,000 12"
PMTs with light collectors.

200 kiloton Detector with 12" HQE PMTs

Ratio of Detected Photons (LBNE/SuperK lIl)

#PMTs (thousands)
45 50
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WL S Pl a_te S IMB used WLS plates:

1.5 factor increase in
light collection

light
collection increase of 50% or more

Prototype 1 (BC-499-76)

UV - blue
ID: 10”, OD 20”, 5 mm thick
Polyvinyl toluene (PVT) base
Fluor: POPOP + ??
Index of refraction = 1.58
Density = 1.04 g/cm?3
Decay time = 2.1 ns
Vendor: Saint-Gobain

® J Stewart ANT11 Conference October 2011 @26



Winston Cone Design

~60° opening angle, same height above PMT face

10" diameter at base increasing 16.5"

Al coating with additional protective (under investigation)
Increases light acceptance by 60%

SNO and Borexino designs increased acceptance by 1.75 and 2.5 factor

Need to understand impact of shadowing on fiducial
volume and ring reconstruction.

Need detailed reconstruction code for LBNE




PMT Deployment

e Wall PMTs deployed from deck and
supported on steel cables

® No attachment to wall

® Buoyant force resisted by ring truss on
floor

® Signal cables supported by steel cables
and routed to balcony

* Floor PMTs supported on frames on floor
e Access isles between tight but possible

* Cables routed to perimeter and up to
balcony

e Deck PMTs supported similarly but

b inverted o



Linear PIU with signal cables

| < PO
| Wire Ropes

« Bundle of
Signal cables

Crimp
(one side only) ||

i

Retention
Pins (4)

|

|

=~
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Overall Water System plan and ——
responsibilities pd__

Fill System
WBS 1.4.6.2

Conventional Facilities

Shaft Systems

/ WBS 1.4.6.4

€——  VYates Shaft

Gadolinium Option

Recirculation System
WBS 1.4.6.3

Water Containment
and Distribution
WBS 1.4.2

4850 Drifts

< WOspl =

Sump and Drainage
System
WBS 1.4.6.5
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Surtface Fill System

5 um pre- filter and Depth filters,
e 250 gpm filing capacity. Uv carbon filters, and

e 6 month fill time softe A

* Limited by the supply of municipal
water.

 Depth and carbon filters, softeners, pre-
filters, and UV will remove silt, micro-
organisims, and particulates to the 5

um to prepare for the R.O. membranes.

* The R.O. output will go to a UV-oxidizer 45 Two stage RO and
unit called TOC (total organic carbon). : OC

» The water will then go to a sodium
exchange anion resin to remove
uranium and thorium. This will be

followed by a mixed bed deionizer.

e More filtration down to 0.1 um, UV
sterilization, and a de-gassifier to
remove oxygen, CO,, and radon.

* Then to a chiller to adjust the U and Th
temperature before being piped dowr res 1and 0.1 p filters, UV,
to the detector level of the mine. De-gassifier, and

« Layout available in existing room (Yates tanks chiller
Crusher Room).

DI resin

® J Stewart ANT11 Conference October 2011 e3]



I p— Water Recirculation system

- Filtration and g
| De-gassifiers
The underground system consists of multiple pumps, R.O., U/Th
removal, de-ionizers, multiple filtration stages, de-gassifiers, UV

sterilization, TOC, and a chiller system.
1200 gpm recirculation rate .

Scaling Super-K flow by volume/surface area gives ~1320/~760 gpm
Temperature maintained at <13°C

The system design is very flexible and does not preclude the
addition of gadolinium to the detector.

A 3D conceptual layout is available.
® J Stewart ANT11 Conference OCtober 2011 @32
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The underground system consists of multiple pumps, R.O., U/Th
removal, de-ionizers, multiple filtration stages, de-gassifiers, UV
sterilization, TOC, and a chiller system.

1200 gpm recirculation rate .
e Scaling Super-K flow by volume/surface area gives ~1320/~760 gpm

Temperature maintained at <13°C

The system design is very flexible and does not preclude the
addition of gadolinium to the detector.

A 3D conceptual layout is available.
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Conclusions

 Updated conceptual design and cost estimate will
be available this calendar year.

« The Collaboration will select the detector
technology for LBNE this year.

« The DOE will have decided the program for
underground science in America with a year from
NOW.

 The design for a 200(250) kt fiducial volume (total
volume) detector is at or beyond the conceptual
level.

Rapid progress is possible if funding is available.

® J Stewart ANT11 Conference October 2011 ® 35



Conclusions

Updated conceptual design and cost estimate will
be available this calendar year. Reviewed Dec 2011

The Collaboration will select the detector
technology for LBNE this year. EAr TPC Chosen Jan 2012

The DOE will have decided the program for

underground science in America with a year from
Now. P5 Report, May 2014

The design for a 200(250) kt fiducial volume (total
volume) detector is at or beyond the conceptual
level. 386 page CDR published April 2012, arXiv:1204.2295

Rapid progress is possible if funding is available.
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