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Synopsis of Science Plan

« The PAC Process
« 2.DUSEL Science
— 2.1 Underground Universe (Physics and Astrophysics)
— 2.2 Dark Life (Biology)
— 2.3 Restless Earth (Geoscience)
— 2.4 Ground Truth (Geoengineering)
« 4. Homestake Project Goals and Requirements
— 4.1 Homestake Early Implementation Plan and Early R&D
— 4.2 DUSEL Initial Suite of Experiments
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Evolution of DUSEL Collaborations

« DUSEL Development Promotes Multi-
Disciplinary, Multi-Investigator Collaborations

 Homestake Phased Approach Offers
Opportunities of Systematic Growth

2000: Mine closure announcement, Bahcall/Lesko mtg. with earth
science and physics communitities

2001: Underground Science Meetings; Earth science, physics and
geomicrobiology workshops

2002: NSF visit, ARMA/NRC and NeSS mtg.

2003: ARMA-NSF and EarthLab reports, first site announcement,
pump stoppage

2004: NSF S-process announcement, S-1 workshops

2005: S-2 applications, H-H selection, AGU townhall, S-2 workshops

2006: Letters of Interest, PAC recommendation, CDR-100 submitted

2007: CDR-250 for S-3, NSF Site Visits, Homestake S-3 workshops

VVVY VYV V 'V
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The Geo-Universe — Science Questions

« Dark Life (Biology)

How deep does life go?

Do biology and geology interact to shape the world underground?
How does subsurface microbial life evolve in isolation?

Did life on earth originate beneath the surface?

Is there life on earth as we don’t know it?

* Restless Earth (Geosciences)
— What are the interactions among subsurface processes?
— Are underground resources of drinking water safe and secure?
— Can we forewarn of earthquakes?
— Can we view complex underground processes in action?
« Ground Truth (Geoengineering)
— What lies between boreholes?

How can technology lead to a safer underground?
How do water and heat flow deep underground?

Homestake DUSEL



Dark Life - Geomicrobiology (>15 LOIs)

Early Reentry LOI's
— Bioprospecting (LOI 28)
— Robotic sampling (LOI 25)
— Mine soil weathering (LOI 29)
— Microbial ecology + geomicrobiology (LOI 38, 53a)
— Corrosion of mining structure (TCO3+L0OI38, 53a)
« 4850 Level LOI's
— Microbial ecology + geomicrobiology (LOI 3, 53a, 83)
— Deep Biogeochemical Cycles (LOI 70, 38, 83) -
— Transition biogeochemistry and impact on geology (LOI 75, 79)
— Intermediate Coupled Processes Laboratory (LOI 38, 53a, 76)
» Bioprospecting (LOI 28)
» Robotic sampling (LOI 25)
» Mine soil weathering (LOI 29)
« Corrosion of mining structure (LOI 38, 53a, 77)
« DUSEL —deep level — LOI's
— Limits of life (3+ km borehole array) from 8,000 level (LOI 38, 15,
— Deep Coupled Processes Laboratory (LOI78, 83) I
— Deep Biogeochemical Cycles (LOI 70&38)*
» Bioprospecting (LOI 28)
» Robotic sampling (LOI 25)
« Mine soil weathering and corrosion (LOI 29, 38, 53, 77)

Homestake DUSEL



Scale Effects in Hydrology — Space and Time

Borehole Perspective

A

Lab scale

10-10 Production
A Excellent - Major
Ex."l compartments
intersecied

|_| Significant -
Intarference fram
walls sharing
compartments

S Paor - No major
compartments
intersecied

Permeability, m2
=

1015

101 109 10t 102 103
Spatial Scale, m

Homestake DUSEL



Scale Effects in Hydrology — Space and Time
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Scale Effects in Geomechanics — Space and Time
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Coupled Thermal, Hydrological, Mechanical and Chemical Processes

¢ Purpose of the test is to
evaluate coupled thermal,
hydrological, mechanical and
chemical processes
surrounding the potential
repository

¢ Dimensions: ~ 50 meters long
by 5 meters in diameter

¢ Electric heaters activated Dec.
1997, turned off Jan. 2002

¢ Maximum drift wall temperature
reached ~ 200°C

¢« Water, gas, and rock samples
collected from boreholes for
geochemical and isotopic
studies

¢« Reaction-transport modeling
performed prior to and during
test (examples on following
slides)

[Courtesy: E. Sonnenthal]
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Imaging for Constitutive Behavior

Crosswell: -1.0
1.1 km deep ‘

~12 m apart A
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* Goal: In-situ monitoring of stress changes using
seismic travel time change
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*  Motivation:
% — Earthquake ‘Prediction’
=] « Tectonic stress change
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T » Subsidence via stress and strain changes

- * Need calibration signal to determine stress sensitivity:
Barometric Pressure or Earth Tides
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Dark Life and Geobiology

i T

geology interact to shape
the world underground?

(38);

Geomicrobiology on geochemistry,
transport, corrosion — Princeton (75,
76, 77);

Coupled Process, near surface to deep
— Oak Ridge Nat. Lab. (78, 79)

Goals/Questions Collaborations for experiments Specific approaches to
that will address this issue implement required tasks
(LOIs) (LOIs)

How do biology and Ecology/geomicrobiology — LBNL Low radiation on human —

Brookhaven Nat. Lab (14);
Microbial evolution —U
Tennessee (15); Soil, health
physics, microbial population —
SDSU (29, 30, 32);
Microbiological analysis — U.
Wisconsin (70)

we don’t know 1t?

FErererer ‘m '

IIIIIIIIIIII

NNNNNNN

MICHIGAN STATE
UNIVERSITY

Bnm_mlﬁzrm ' '
NMATI 1"!.:'}'." L LABORATORY

How does subsurface (38): Microbial diversity — SDSMT
microbial life evolve m Lmuts of life — New Mexico Tech. (53)

1solation? (80)

Did life on earth originate (38); (80) Autotrophy — SDSU (81)
beneath the surface?

Is there life underground as | (38); (80) Bioprospecting — SDSU (28)

e UNIVERSIT Yof

TENNEQQEE

WIS |'ﬁH"IIJ SYSTEN




Restless Earth and Geosciences

Goals/Questions

Collaborations for
experiments that will
address this issue (LOIs)

Specific approaches to implement
required tasks (LOIs)

What are the interactions
between the various

processes controlling the
subsurface environment?

Coupled process — LBNL
(41);

Block test of rock failure —
Penn. State (55);
Hydro/Mechanical - U.
Wisconsin (65): (78)

Partitioning between hinges - Montana
Tech. (10);

Gold muneralization, role of iron, thermal
history, breccia evolution, volatile in
dikes — SDSMT (18, 20, 21, 44, 68);
Faulting and fracture — U. Hawaii (43);
Stress-Fluid Monitoring - Freie U. Berlin
(60)

Are underground resources
of drinking water safe and
secure?

Hydrogeology, geochenustry
—LBNL (36, 37)

Can we reliably predict and
control earthquakes?

Sensors — UCB (13);
Geophysics — LBNL (39);
(55)

Can we make the Earth
“transparent” and observe
underground processes in

(39)

reerrrorr

il :
VISCONSIN SYSTEN

action?
' i n g DCTKeley ©F 28N
PoTsoam

"W PEMPSTETTE
‘ INIVERSITY

HBrRKCLEY Lam

NEW MEXICO TECH Montanalecl

THE UNIVERSITY OF MONTAN

SCIENCE-ENGINEERING -RESEARCH - UNIVER! SITY

Cosmic Ray — LBNL (42)

LAWRENCE LIVERMORE NA
Science in the National Interest

. Los Alamos

NATIONAL LABORATORY
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Ground Truth and Geoengineering

Goals/Questions

Collaborations for

experiments that will
address this issue (LOIs)

Specific approaches to implement
required tasks (LOIs)

What are the mechanical
properties of rock?

Mining Engineering -
SDSMT (4)

Deformation, scaling, and stress in Yates -
U Utah (1, 2. 3);
Fracture network - Virginia Tech. (34)

What lies between the
boreholes?

(13); (39)

Mapping/surveymg-Montana Tech (9):
Geological model, mapping - U.
Minnesota (45, 46):

Mapping — Virginia Tech. (47)
Database, acoustic mapping — SDSMT
(11, 62)

How does rock respond to
human activity?

Rock mechanics
geotechnical — LBNL (40)

(D)

How does water flow deep
underground?

(36)

Dewatering, hydrological instrumentation,
footprint — SDSMT (6, 12, 24)

How can technology lead to
a safer underground?

rererrr | ﬂ

BrrcroLey Lam

THE
UUN[VERSITY 4
OF UTAH 7\

Monta naTech UNI?ERSITY OF MINNESOTA

)
v,

Risk assessment — Virginia
Tech. (35); (40)

— THE UNIVERSITY OF MONTANA

©

(D:
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Bio- Geo- Early Implementation Plan Timeline

Early Implementation
Program
Homestake DUSEL Initial Suite of Experiments
4850L and Above Deep Homestake & Expanded 4850L

2010 2011 2012 2013 2014

ReEntry

CY 2007 2008 2009 2015 2016

Subsurface Geoscience
Extant Information and DB|Database + Core Datzbase + Core

Database + Core Database + Core

Geology and Rock Mechanics ) Surveys, Monitoring, 4B50L Initial _ :
Inspections Inspections Experiments Followed by Large Block Experiments Continued and Deep Homestake

Hydrogeology ) Surveys, Monitoring, 4850L Initial _ _
Inspections Inspections Experiments Followed by Large Block Experiments Continued and Deep Homestake

Coupled Processes ) Surveys, Monitoring, 4850L Initial _ :
Inspections Inspections Experiments Followed by Large Block Experiments Continued and Deep Homestake

Subsurface Engineering

Geotechnical Studies . Geo_technical Studies, 4850L and :
= —  —|Inspections Coring above Continued and Deep Homestake
) Geotechnical Studies, 4850L and
General Underground Construction Inspections Coring above Continued and Deep Homestake
Geobiology
4850L Drill Station and
Geomicrobiology|Inspections Shared U/G Lab Deep (8000L) Drill Station
Surveys,
Geochemistry Monitoring, 4850L and
Inspections Inspections above Continued and Deep Homestake
Surveys,
Biological Effects Monitoring, 4850L and
Inspections Inspections above Continued and Deep Homestake
Surveys,
Ecology & Environmental Studies Menitoring, 4850L and
Inspections Inspections above Continued and Deep Homestake

-~ - —/

Perishable Information

—

Rock Mechanics/Hydrology/Coupled Processes/Engineering Large Scale Experiments

_/

_'v_

Geomicrobiology/ecology/biology/geochemistry Modules and Field Work, in situ work

Surface
300L
4850L and above

Dates are approximate start dates for experiment and
program deployments, they are representative of

Underlined Experiments or_ ||benefitial occupancy or other milestones. The detailed

7400L and 8000L
4850L and/or Deeper Levels
Vertical Shaft

Topics received specific PAC
EIP Recommendations

schedule and PAC recommendations should be consulted
for specific information.




Physics and Astrophysics Questions

* Why study the Universe from 1-2 miles
underground?

— Surface noisy'... physics signals of interest
are like a whisper in Manhattan traffic

— Interesting particles of astrophysical origin
easily penetrate... 1/10%3 interact when
passing through the whole earth !

* Detectors as pure and massive as
possible

Homestake DUSEL



Physics and Astrophysics Questions

o Scientific Questions... called for Letters of
Interest... due 8 December 2005

e 22 Submissions (Physics/Astrophysics)

 PAC Analyzed, Jan.-May 2006... Report... not
parties to the Homestake Proposal

— Frank Sciulli (co-chair), Columbia

— Ed Kearns, Boston University

— Josh Klein, U. Texas, Austin

— Bill Marciano, Brookhaven NL

— Hank Sobel, Univ. Calif. Irvine

— Harry Nelson, Univ. Calif. Santa Barbara

« Charge: develop scientific roadmap, with an eye
toward early implementation.

Homestake DUSEL



Physics Letters of Interest Categories

 Neutrinos — 9 LOI’s

— 3: neutrino mass/solar astrophysics... source is the
sun

— 1: particle accelerator for nuclear astrophysics

— 2: neutrino mass... long baseline’, source is an
accelerator (also does proton decay)

— 2: neutrino mass... double beta decay’, source is an
Isotope In the detector

— 1: Geoneutrinos

Dark Matter — 7 LOI's
Speculative — 3 LOI's
Common Faclilities — 3 LOI’s
Education/Outreach — 1 LOI

Homestake DUSEL



Physics Grand Questions

» Coverage of the grand questions

— What is the Dark Matt_er?_ (QL'H’*,/(g :

— Exploration and exploitation of with the (COSMIOS
neutrinos to uncover the origin of g

mass and matter, and to understand

the sun
— Are protons really stable?
— Origins of the Elements?

 PAC Scrutinized, Analysed
Suitabllity for Early
Implementation — 2008/9

Homestake DUSEL



Early Implementation — 4850ft/4100 mwe

4850L Lab Modules, Shops, ="\ Existing
and Common Facilities Neutrino
Phased Development Plan ) / Chamber:
[P~ Davis .
¢ | \Yates Experiment ]

isuiu 56’ x 30’ x 26’
#1 Excavation in FY 2007 -
Yates & Davis Labs
Bio- & Geo-sciences Lab ]
Construction Shops —

#2 Excavation in FY 2008-9
— Common Facilities
Lab Modules #1 and #2

#3 Excavation in FY 2009-10
-~ Lab Modules #3 and #4

Ross Shaft ‘

- ~ 4

Total excavated space for labs,
shops, and common facilities at
4850L: > 6,000 m? (65,000 SF)

Homestake DUSEL




Davis Lab — Early Implementation

Shuttmh Ol talk
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Source —
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Majorana - B8 - Phased

Vacuum jacket

Cold Plate

Finger

1.1 kg Crystal

Thermal
Shroud

1 of 19 modules
Bottom Closure

Common with DM ... screening/fabrication
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Common Facility — 300ft/233 mwe

VL A N R RN A
T X N\ N\ \ \
\_ . Areas for future %

near- surface Iabs

AN LN

EIectroformlng and Machine
P Shops (34 m x 10 m)
Near-Surface R&D Lab Module
' (3 mx 10 m)
Education and Outreach
(2 Rooms: 9 m x 8 m each)

)
N
\\\\

s

—

_ﬂ—/

-

. New Access Drift
/ and Portal

\\ ‘r’i{% ( EX|st|ng Drift / /\Q
\ and Portal / Klrk Road
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Nuclear Astrophysics

~ High Current Accelerator (LOI 64)

~  LUNA (Gran Sasso) looking for space in coming
year or two to expand and adapt their facility,
working with US physicists on joint programs.

L]

Nuclear Astrophysics could move in rapidly at
Homestake, current plans and R&D suggest 2008 or
2009 - fits ISE

TUNNELING
MAXWELL - BOLTZMANN THROUGH
DISTRIBUTION COULOMB BARRIER
o« exp (-E/KT) cexp (-VEG/E)
/ GAMOW PEAK

4

RELATIVE PROBABILITY

kT A ENERGY Homestake DUSEL




Early Implementation — 4850ft/4100 mwe

Early Implementation
Program

Homestake DUSEL Initial Suite of Experiments

Long Baseline Neutrinos + PDK
Large Cavity Geotechnical Studies
Sitina)

LAr, HSD & Water Cerenkov Detector|
RBD

Solar Neutrinos
LENS R&D

Other Science

Nuclear Astrophysics|
Cloud Physics
Neutron-Antineutron Oscillations

Long B aseline Gravity Wave

Engineering & Feasibility Studies
Joint Physics & Earth Science Research

Cavity Construction 100kT

Cavity Gecotechnical Studies, Design Module(s)
300L
Qutfitting 300L R&D
4850L R&D
R&D Program 4850L Deployment

Nuclear Astrophysics Program at 4850L
Collabor ation & Proposal Development
Engineering & Feasibility Studies

ReENtry 4850L and Above Deep Homestake & Expanded 4850L
CY 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Common Infrastructure
Title, Insurance,
Surface and Underground Laboratory |Indemnification,
Modules and Support Services|Rehab. Plans i - )
Surface Support Faciliies Phase 1|Rehab Existing Buildings CH : ‘
Surface Support Faciliies Phase 11 | i
300U Rehab U/G
4850L|Rehab U/G Rehab U/G  Prepare 4850L
Lab Mod. 1 Lab Mod, 2 LabMod. 3 Lab Mod. 4
Rehab Deep Deep Lab
7400L + 8000L U/iG Module 1 Deep Lab Module 2 & 3
i 300L Outfit / 300L
Manufacture and Storage Production Operation
Well shielded "wWater Room" for Assay 4850L
and Experiments| 4850L Outfit Operation
Sanford Lab and Bio/Geo Lab 4850L Outfit 4850L Operation
Low B ackground Countin \LSDUL Outfit  Operation
4850L Outfit 4850L Operation
Education and Outreach
|Surface ence Education Center i}
| 300L Outfit / 300L
Production Operation
4850L Outfit  4850L Operation
| 7400L Outfit
Physics
Dark Matter ]
R&D andLlab R&D and o 8 ) = B
XENONALUX Outfit Deployment | Continued 4850L Operation Continued or Deep Labs.
| Potential
ZEPLIN At Boulby 'R&D Potential Deployment  Potential Deep Deployment
RBD andLab R&D and B c
InICLEAN Outfit Deployment 4850L Continued Operation Deep Homestake (plus solar neutrinos)
DRIFT At Boulby R&D Potential Pi i rngrt\
7PC R&D R&D R&D then Expt [ -
SIGN R&D 4850L Deployment: = r
Potential Deep
SuperCDMS Deployment Deployment
Neutrinoless Double Beta Decay
R&D Outfit R&D / 4850L Outfit Deep M) at Deep Homestake with
Malorana and Storage  Deployment | Deployment Operate 1st Phase Majorana Lab add| Mass
EX0 R&D EX0200 @ WIPP EXO 4850L Conti or Deep Labs

Long Baseline Neutrino Program

300L RE&D
4850L R&D

Continued or Deep Homestake
Advanced R&D 300L and 4850L

Potertial Vert
Possible Deploym

Geoneutrinos
Carbon Sequestration Geothermal
Energy|

R&D 4850L Deployment
4850L and Above

Deployment

'R&D
Coll aboration & Proposal Developrment

Diural Earth Rotation

|Potential Vertical Shaft Experimert

Homestake DUSEL



~ | water Cherenkoy
3 modules
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Large Water Cerenkov Detector

RAMP CROSSCUTS INTO TANK

EVERY 15 VERTICAL FEET
164' (50M)

DIAMETER
30' BETWEEN

7' DIAMETER

TANK AND RAMP BOREHOLE IN
RAMP, 1470'
G GRADE SPOT-COOLER —
FOR DEVELOPMENT
TOP VIEW
Cable bolt 60 ft long
\ On a 8'x8' pattern
100 KTON \
TANK NEED 393' DISTANCE TO RISE

55' @ 14% GRADE

g S
ENT) \n
%Bﬂ: VENTILATION

VENTILATION
DRIFT AT 0.5% GRADE

SIDE VIEW

PAC...
Extremely
Compelling,
Flagship
Experiment

External
Challenges
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Beyond the Core...Speculative

PAC...
SCHEMATIC OF A . .
VERTICAL Intriguing...
SHAFT CLOUD
LABORATORY

[0 really implement,
In Situ Access to the cloud is attained d
Measurement of at various points throughout its n e e I I l O re
R depth using numerous side-shafts,
Mid-Cloud each providing power and ethernet - -
review/expertise.

Properties |  connec tions

Total vertical extent ~500 to 1000+ m

Also... n-nbar
oscillations, earth’s
rotation

._
9]
=
Z
°
@
o]
2
[
<

- Upward-looking remote
sensing instruments
- Measurement of Precip

Addition of Trace Gases

r ‘
Below-Cloud Properties }
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Education/Outreach

« "Chicken and Egg'... relative remoteness
of site
— Joint Appointments
— Named postdoctoral fellowships
— Summer visitors
— Summer Institutes

Homestake DUSEL



Match to Proposed S-1 ISE

Ability to accommodate...”as |
large a program as can be
envisaged being supported

over the foreseeable future.” — y e
Extensive network of existing T e

workings =—7 o Niche Tests
Large lateral extent ~5km - gj‘-

oupled Flow

=
— Isolated laboratories .g,__’)\%

— Large run-of-mine/lab ~. i
Extensive suite of boreholes FEESSEEE Kff"..
. . . - “® Deep Boreholes
Seismically quiet —7 7 microbiology

in situ stress
Early/immediate access to
4850 level and bays Deep Campus

Moderate-term access to
7000+ level

Homestake DUSEL



Updates for Early Implementation 2007-2009

for DUSEL Initial Suite of Expt. 2010-2015

A\

YV V VYV VY

Space for Physics R&D

Water Room for multiple experiments at 4850L (LUX,
DEAP/MiniCLEAN, Gd in water, ...)

Low background counting facility for detector components
(Majorana, ...)

Coring, design, site selection (LBL, ...)

Reentry with Earth Science Team
Bio-Geochemical sampling (ecology, bio-prospecting, ...)
Geophysical monitoring (surface bores, 2000L, 2600L, ...)
Dewatering (in-drift moisture, transducers from 4850L, ...)
CO, Injections along sandholes, ...

Homestake DUSEL



Supplemental Slides
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