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URL Cost and Design Considerations
Outline

e Background on URL Development

e Examples
— Early URLs (Salt Vault, SFT-Climax, Stripa)
— U.S. URLs (WIPP, Yucca Mountain ESF)
— International Example URLs (Aspd, Mont Terri, Bure, ONKALO)

e Exercise #1
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e Planning Considerations

e Physical/chemical/biological science URLs
e Summary
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» ¢ Worldwide URL Summary - Timelines

Project Where <1960 &1970 <1990 <2000 2010

Lyons Mine (Project Salt Vault) |USA URL and SNF demo

Asse Mine Germany LLW/ILW currently in remediation
Stripa Mine Sweden

Climax Mine USA Former nuclear testing; SNF demo
G-Tunnel USA Former nuclear testing
Fanay-Augeres France Former uranium mine
HADES-URF* Belgium

Konrad** Germany Being developed as a repository
Grimsel Test Site Switzerland

AECL URL (Lac du Bonnet)* Canada

Gorleben** Germany NOTE: Timelines Operations curtailed 2012

WIPP** USA accurate to URL testing for heat-generating waste
Amelie France approx. 13 years. Former potash mine

Tono Mine Japan

Kamaishi Mine Japan

Tournemire Tunnel France Salt Former rail tunnel

Aspo HRL* Sweden Crystalline

Olkiluoto Research Tunnel Finland Tuff Developed for LLW/ILW investigations
Mont Terri Switzerland Plastic clay Former highway tunnel

Pecs** Hungary Argillaceous Former uranium mine

ESF (Yucca Mountain)** USA J Other sedimentar

Busted Butte* USA

Bure URL (Meuse/Haute Marne)*{France Tl 1]

Morsleben** Germany *  Purpose-built, generic LLW/ILW repository 1981-1998
Mizunami URL* Japan ** Purpose-built, site-specific

ONKALO** Finland (Generic pre-existing URLs have no marks)

Horonobe URL* Japan

Korea UG Research Tunnel* Rep. of Korea

NOT SHOWN: Early U.S. URLs (Avery Island, CSM Mine, etc.) and recent URL developments in the Czech Republic, Canada, and China.
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Salt Vault: URL and Demonstration 1963-1968

e Former Lyons Salt Mine

e 14 Test-Reactor Fuel Assemblies
Contained in 7 Canisters

e Waste Packaging

e Waste Handling Borehole and
Underground Transporter

e Thermomechanical Salt Responses

e Laboratory Core Testing and Model-
Pillar Studies

e Numerical TM Simulation

e Scaled-up HLW Disposal Concept

e Total Multi-year Cost ~$10M (S50M to
$100M escalated)

Bradshaw, R.L and W.C. McClain 1971. Project Salt Vault: A
Demonstration of the Disposal of High-Activity Solidified Wastes in

Underground Salt Mines. Oak Ridge National Laboratory, ORNL-4555.
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Spent Fuel Test — Climax: 1978-1985

eTest Development: $18.5M

— ~420 m depth, Climax granite
stock, Nevada Test Site

— Demonstration:
e Construction (surface and U/G)

e Waste transport & handling !1
e Spent fuel packaging and bﬂ\ ¥

emplacement -
e Retrieval | E

— 12 PWR assemblies, Turkey Point
NPP (one per canister)

e Total Project Cost: $34M (S90M
to $13OM escalated) Rail-mounted canister transfer and emplacement

machine, main gallery (in receive position under waste
handling borehole)

Patrick, W.C. 1986. Spent Fuel Test—Climax: An Evaluation of the Technical Feasibility of Geologic Storage of Spent Nuclear Fuel in
Granite (Final Report). Lawrence Livermore National Laboratory, Livermore, CA. UCRL-53702.
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e Swedish-American 3-D Migration
Cooperative - OECD/NEA
Project

e Canada, Finland, Sweden,
Switzerland & USA

e Granite depth 300 to 400 m

e Many experiments; 170
reports

e Total cost “S33M (S60M to
S80M escalated)

COTRT

1980 -1985 47 MSEK
n 1983 - 1988 66 MSEK
Buffer mass tests were done to verify

A e il
© o 1986-1992 144 MSEK W
Y the barrier funcmm of bentonite

oz : and bentonite/clay

Experiment

Tunnel Bulwark

Fairhurst, C., G. Ferruccio, P. Gnirk, M. Gray and B. 1
Stillborg 1993. OECD/NEA International Stripa Project \/
1980-1992: Overview Volume | — Executive Summary.
(http://www.skb.se/Templates/Standard 17139.aspx)
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WIPP URL (Historical)

e Operated by the U.S. DOE for
R&D during 1986-1996

e Shafts descend ~600 m

e R&D conducted by Sandia and
supporting researchers

Construction cost ~$S200M
(w/out repository facilities)

Total URL operating cost
~$200M (15% of WIPP budget)

URL experiment cost: ~S80M
(50% of Sandia total)

— As many as 50 technical workers
for 10 years
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Yucca Mountain Exploratory Studies Facility

WIPP Total Funding History
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" Yucca Mountain Exploratory Studies Facility

YM ESF Test

Construction, Drilling: $1M

Single Heater Test (2 yr) S5M Procurement, Design, Install, Baseline: $3M
Annual Operation: $1M
Construction, Drilling: S8M

Drift Scale Test (8 yr) S59M Procurement, Design, Install, Baseline: $11M
Annual Operation: $5M

~S60M Roughly equivalent to heated tests
Testing Support (1996 — 2007) S50M Annual Test Operations Support: ~$5M

. Surface and U/G Construction: ~$120M
ESF Construction & Operation $240M Annual Operation: ~$20M

]
e i

= <

Drift Scale 7~ Aerial view
Test of ESF
(9 simulated surface
packages; facilities;
>200 kW) north and

south
portals
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- ¢ Yucca Mountain ESF Design Considerations

e Purpose built, site-specific URL

e Main tunnels to be part of
repository =

— Regulatory reviews
— Quality assurance

— Administrative controls (e.g.,
materials review and inventory)

e Characterization studies:

— Test construction methods (e.g., dry drilling)

— Hydrologic studies - Water inventory and use of
chemical tracers

— Chemical/isotopic studies = Tracer purity and
concentration
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Aspo Hard Rock Laboratory, Sweden

e Operated by SKB since 1991

e Ramp descends 460 m (3.6 km)

e Participants have included Canada,
Finland, France, Japan, Switzerland,
UK, and USA

e Cumulative operating cost ~S50M

— Average ~$3M/year

e Experiment cost ~S50M
— Contributions from international
participants
— ~50 experiments
e Staffing
— 55 staff members, 45 consultants, 25
external project managers
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Mont Terri URL, Switzerland

e Operated by Swisstopo (and
predecessor) since 1996

e Host medium: Opalinus Clay

e General+operating cost

~$16M through 2015
— Average ~$800k/year

e Experiment cost ~$83M
— Contributions from
international participants
— >70 experiments total
— Average ~S$4M/year (not
including science support)
e Discussion?
— Staffing? Other costs?
— Funding-imposed limits?
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Mont Terri URL — Annual Cost Summary
(http://www.mont-terri.ch/internet/mont-terri/en/home/project/funding.html)

Annual investment 1996 bis 2015

Experiment cosis

[ 1906-1097 | 1997-1096 | 1005-1098 | 1992-2000 | Z000-2001 | 2001-2002 | 2002-2003 | ZO0G-2004 | 2004-2005 | 2005-2000 | 2000-2007 | 2007-2008 | 2008-2008 2010-2011 | 2011-202 | 2012-2013 | 20752018 | 2014-2015
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Mont Terri URL
Summary of
Experiments

(http://www.mont-terri.ch/internet/mont-
terri/en/home/experiments/list_of_experi
ments.html)

By topical area:

Drilling technique
Geochemical/microbiological
Diffusion

Hydrogeology

Gas migration

Rock mechanics

EDZ

THMC

Demonstration

= —
% E % § E -

2 2 > 3 § - s |£§ 8| 5
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2 2 & 6 | &8 | 2 | & ¢ |88 [£255| 48

AS Anisotropy and rock siress

BB Borehole behaviour deformation

EF Borehole fluid effects

Bl Borehole inventory

EN Bitumen-nitrate-clay interaction

|ew  [Short term borehole wall development

cD Cyclic deformations

cl Cement-clay interaction

CP Chemical and physical weathering

cw |High-ph cement porewater

(o] Near well sealing integrity for CO2 geological storage

DB [Deep inclined borehole through the Opalinus Clay

Dl Diffusion experiment

oM |Deformation mechanisms

DR Diffusion, retention and perturbations

Determination of stress
Drilling technigues

Engineered barriers

EDZ (Excavation Damage Zone) research

EDZ gas diffusion be carbon isotope

EDZ self-healing

EDZ fracture generation

FE Full scale emplacement demonstration
Fl Fluid-mineral interactions in OPA during natural faulting
FM Flow mechanisms & evaporation logging
FP Fracture propagation

FS In-situ clay faults slip hydro-mechanical characterisation
GD  |Analysis of geochemical data
GM__|Geochemical modelling and geophysical monitoring
GP Hydraulic and gas permeahility

GR Ground penetrafion radar

GS Gasfrac self-sealing

HA Hydrgeological analyses

HE Heater experiment

HG Gas permeability and migration

HM Lab tests on HM coupled behaviour

HT Hydrogen transfer

Ic Iron corrosion of Opalinus Clay

15 In situ stress

LP Long-term monitoring pore pressures

LT Laboratory temperature testing

MA icrobial activity

ME _ [Mine-by Test

|MD Cosmic muon density tomography

MH Long term monitoring of heaves

mo  |Monitoring

INT Natural trace profil

oP Osmotic pore pressure measurements
PC Porewater chemistry

PP |Porewater pressure

PS Petrofabric and strain determination

RA Rock mechanics analyses

IEB Horizontal raise boring

RC Rock mass charactenisation

SB Self-sealing barriers of clay-sand mixture
SE Selfrac MT

SF Self-sealing of faults

SM High resolution seismic monitoring

S0 Sedimentology of Opalinus Clay

SR Low pH shotcrete for rock support

TH Microscale THMC

uz Unsaturated zone

VA Investigation of spatial variability within Opalinus Clay
VE Ventilation test

ws | Ground- and porewater sampling
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ANDRA URL at Bure, France

e Operated by ANDRA since 1999
e Hoste medium: COX argillite
e Shafts (2) descend 500 m

e Construction cost ~S380M
through 2006

e $22M/year URL operating and
experiment costs

e Operated by SKB since 1991
e International participation
e ~100 on-site employees
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ONKALO URL - Finland

e ONKALO ramp, shaft and
infrastructure construction cost
(down to main level) ~S90M

e Posiva Oy annual budget
approx. $50M to S100M

e Discussion?
— Anticipated staffing?
— Other costs?
— Funding-imposed limits?
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URLs for Physical/Chemical/Biological Sciences Research
Example: DUSEL (formerly Homestake)

Deep Underground Science
DUSEL and Engineering Laboratory @t HomEStake, SD

Engineering

6 %2 Empire State
Buildings
for scale

/ = Y b G Geoscience

Shallow

Mid-level

Physics
Deep 3 . r s
Campus 5 Wk . . R m

S ! 6:‘ "

Je O
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Exercise: URL Cost Analysis

e Infrastructure Improvements

e Underground Construction

e Shaft Construction

e Management/Operation/Maintenance

e R&D Testing (not incl. off-site science
support; all particpants)

e Summary
— Construction (total cost)

— Operation (annual)
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Example #1 URL Cost Analyses

Use existing tunnel, utilities & facilities
Limited infrastructure improvements
Adit access; no shaft or ramp

On-site management

International cooperative R&D projects

Low SM High SM
e Infrastructure Improvements
0 0
e Underground Construction
0 0
e Shaft Construction
0 0
* Management/Operation/Maintenance
0 0
e R&D Testing (not incl. off-site science
support) 0 0
e Summary
— Construction 0 0
— Operation 0 0




Example #2 URL Cost Analyses

Purpose-built surface & underground
Extensive infrastructure improvements
Shaft access

On-site management, visitor center
International cooperative R&D projects

Low SM High SM
e Infrastructure Improvements
0 1
e Underground Construction
0 2
e Shaft Construction
0 3
e Management/Operation/Maintenance
0 4
e R&D Testing (not incl. off-site science
support) 0 5
e Summary
— Construction 0 6
— Operation 0 9




URL Planning Considerations

e Pre-Existing Surface and Underground Facilities

— Activities such as mining (seismic, ventilation, other interference)

— Ownership and access; pre-existing contamination and other liabilities
— Availability of electrical power, fresh water, etc.

— Ground stability and maintenance

— Mine water quality, discharge and pumping requirements

— Test planning and test-test interference

— Project management and scientific steering framework

— Training/educational opportunities

e Purpose-Built (in addition to most of the above)

— Funding, cost-sharing

— Site characterization and site selection

— Incorporation in final repository or other facilities

— Legal/regulatory permitting and approvals

— Engineering design, contractor procurement, and construction management
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Summary — Major URL Cost Elements

e Infrastructure
— Surface facilities and utilities (electrical power, fresh water, etc.)
— Use existing=> Save full cost of $20M to S100M
e Underground Construction
— Tunneling: up to ~$10k/meter including ground support
e Shaft/Ramp Construction
— Shaft sinking/boring cost 2X to 5X horizontal tunneling; $10M to $50M each
— Ramp cost similar to tunneling, but ramps are 10X longer than shafts
e Management/Operation/Maintenance
— 10 to 50+ workers - $1M to $30M/year
e R&D Testing
— Four European URLs spend $15M to $30M/year (equiv.; Andersson 1999)
— Include peer review/steering panel
e Summary
— URL development: $20M to $300M

— Operation and testing : $15M to S60M/year
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