3

V.

For the best experience, open this PDF portfolio in
Acrobat X or Adobe Reader X, or later.

Get Adobe Reader Now!



http://www.adobe.com/go/reader


Used Fuel Disposition Campaign

Evaluation of Technical Siting Guidlelines
using the Regional Geology GIS Database

Frank Perry and Rick Kelley

Los Alamos National Laboratory

Pat Dobson and Jim Houseworth
Lawrence Berkeley National Laboratory

UFD Campaign Working Group Meeting
Las Vegas, Nevada

June 10, 2015
LA-UR-15-24686






Used

Fuel Data Robustness for Siting Guidelines
Disposition

B Evaluate proposed DBH sites against siting guidelines
with confidence that available data related to guidelines
are robust

B How do data collected or compiled at different scales
compare?

B [Focused on data for depth to crystalline basement as a
key go/no-go siting guideline for a DBH Field Test

B Crystalline basement guideline has components that are
both vertical (absolute depth) and horizontal (local
basement depth variabllity)
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Used
Fuel Older Structural Features in Basement

Disposition

Structure Type
High-angle fault, based on geologic data

High-angle fault, based on magnetic data

—— Ductile shear zone

=== Boundary of major rift zone

— Thrust fault associated with suture zones
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Depth to Basement — National Scale

Fuel

Disposition
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Jsed Depth to Basement Maps -
Fuel .
Disposition State or Basin Scale

Control on basement
depth depends
primarily on the

density and locations

of borehole data

Data:
McCormick et al. (2010)
U. Nebraska, School of
Natural Resources
Broadhead et al. (2005)
Ruppel et al. (2009)
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Used Depth Data at National and

Fuel
Disposition State Scales
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Used

Fuel Permian Basin Difference Map
Disposition

B Calculated by subtracting state-
scale map from national map on cell
by cell basis

B The largest differences in depth
correlate with areas of high
basement elevation relief as
indicated by spacing of contour lines

B Depth profiles are used to visualize
basement depth differences and
interpret the differences between
national and basin or state-scale
maps
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Used _ _ _
Fuel Permian Basin Depth Profiles

Disposition
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Used

Fuel New Mexico Depth Profiles
Disposition
0
-1000 _
e /\\7 ——<___/ HIn areas qf moderate
3000 relief, national map does
4000 not capture full detail of
-5000 . .
6000 depth variations (> 1km
New Mexico Tucumcari Basin Profile .

7000 — M A difference)
-8000 — NM A-A' National .. .
9000 ‘ . . . B In areas of minimal relief,

0 50,000 100,000 150,000 200,000 .

A Distance along Profile (meters) Al agreement IS Very gOOd

0 (~+ 200 m), comparable
1000 to majority of areas in
-2000 e — — e —
3000 states such as Nebraska
-4000 and South Dakota
-5000
-6000
New Mexico East-Central Plains Profile

-7000 e NM B-B'
-8000 ——— NM B-B' National -
-9000 - - - - - - -

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000

B Distance along Profile (meters) B

10





Used

Fuel South Dakota Difference Map
Disposition
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Fuel
Disposition

Comparison of 2 km Depth Contour

SMU basement depth data

:I <2000 meters

2000 meter contour
State data N

Permian Basin data
[ <2000

\_ _ _\ Permian Basin data extent

eeeee

0 100 200 300 400

Overall, the agreement in the
location of the 2 km depth contour
Is good for the areas we evaluated

Maps at different scales also agree
well on the overall extent of areas
with basement at < 2 km depth,
particularly in regions with little
basement relief

Areas with a large amount of
basement relief show the least
agreement, but these are areas
that would generally be avoided
because of basement structural
complexity

Access to actual borehole data will
be important in some areas
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Fuel Presentation Outline
Disposition

B Deep Borehole Field Test (DBFT) Project Overview
— Obijectives
— Participants
— Scope
— Background
B Site Evaluation Update
— Status
— Process

B DBFT Technical Site Guidelines

June 10, 2015 — UFD Campaign Annual Working Group Meeting
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Fuel DBFT Objectives
Disposition

B Recently initiated DBFT will assess viability of the DBH disposal
concept

— Drill and construct deep borehole(s)
« Characterization hole
 Field Test hole

— Verify deep hydrogeochemical conditions via characterization and
testing

— Evaluate canister designs

— Develop engineering methods for downhole canister
emplacement/retrieval, and seals deployment

— Identify concept variations for different waste types

B The DBFT will be used to validate proof of concept, but will NOT
Involve the disposal of actual waste

June 10, 2015 — UFD Campaign Annual Working Group Meeting 3





Used

Fuel UFDC DBFT Participants & Laboratories
Disposition

B DOE
— NE-53 (NV): Tim Gunter, Lam Xuan
— DOE-ID Procurement: Gordon McClellen, Bradley Heath

B SNL — DBFT Project Technical Lead

— Bob MacKinnon, Geoff Freeze, Dave Sassani, Kris Kuhlman, Ernie
Hardin, (Bill Arnold), Pat Brady, Jack Tillman, Mark Rigali

B LANL — Geoscience, GIS
— Frank Perry, Rich Kelley

B LBNL — Geoscience, characterization
— Jim Houseworth, Pat Dobson, Jens Birkholzer
B PNNL
— Brady Hanson
B INL — GIS Support to LANL siting database
— Dan Jensen
B ORNL — GIS surface siting characteristics (OR-SAGE)
— Randy Belles, Rob Howard

June 10, 2015 — UFD Campaign Annual Working Group Meeting
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Fuel DBFT FY15 Scope (WBS 1.02.08.17)
Disposition

M 5 Primary Activities
— Site Evaluation (Sassani)
— Site Characterization (Kuhlman)
— Field Test Design (Hardin)
— Project Management and Regulatory (Freeze)
— Procurement (DOE-ID)
B 3 SNL FY15 Level 2 Milestones

— 06/04/15: - Site Selection Evaluation for Deep Borehole Field Test
* plan/approach to evaluation of technical information

— 09/15/15: Report — Deep Borehole Field Test Specifications

— 09/29/15: Report — Conceptual Design and Requirements for
Characterization and Field Test Boreholes

June 10, 2015 — UFD Campaign Annual Working Group Meeting
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Fuel DBFT Background Information

Disposition

B 2009-2014 numerous reports: SNL LDRD + UFD projects

— Brady et al. (2009) SAND2009-4401 Deep Borehole Disposal of High-
Level Radioactive Waste

— Arnold et al., (2011) SAND2011-6749 Reference Design and
Operations for Deep Borehole Disposal of High-Level Radioactive Waste

— Arnold et al., (2013) SAND 2013-9490P Deep Borehole Disposal
Research: Demonstration Site Selection Guidelines, Borehole Seals
Design, and RD&D Needs

B April 15, 2014: UFD Report on Evaluation of Disposal Options
— "Evaluation of Options for Permanent Geologic Disposal of Spent
NuclearFuel and High-Level Radioactive \Waste"
« Study conclusions include: 1) deep borehole disposal option is a good option
for small waste forms and provides flexibility for disposal
B Oct 22: DOE issued Disposal Options report:
— “Assessment of Disposal Options for DOE-Managed High-Level
Radioactive Waste and Spent Nuclear Fuel”
* Pursue alternative disposal methods for some YM-bound waste
* Develop a research and development plan for DBD

June 10, 2015 — UFD Campaign Annual Working Group Meeting



http://prod.sandia.gov/techlib/access-control.cgi/2009/094401.pdf

https://prod.sandia.gov/techlib/auth-required.cgi/2013/139490p.pdf

http://energy.gov/ne/downloads/evaluation-options-permanent-geologic-disposal-spent-nuclearfuel-and-high-level

http://energy.gov/ne/downloads/evaluation-options-permanent-geologic-disposal-spent-nuclearfuel-and-high-level

http://energy.gov/ne/downloads/assessment-disposal-options-doe-managed-high-level-radioactive-waste-and-spent-nuclear

http://energy.gov/ne/downloads/assessment-disposal-options-doe-managed-high-level-radioactive-waste-and-spent-nuclear
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Fuel DBFT FY15 Site Evaluation Status
Disposition

B Oct 24, 2014: DOE issued Deep Borehole RFI:

— “Request for Information (RFI) - Deep Borehole Field Test”
» Solicitation Number: DE-SOL-0007705

« Consistent with its Fiscal Year 2015 Budget Request, the Department of
Energy is proposing to conduct a demonstration of the Deep Borehole (DBH)
disposal concept

— Responses received Dec 8, 2014
B Jan 7, 2015: Site Evaluation/Selection Workshop:
— Reviewed and updated Technical Site Guidelines
— Decision to utilize Request for Proposal (RFP) process to procure site
and site management/operations team
B Draft RFP released April 7, 2015 requesting feedback

— "Deep Borehole Field Test: Site and Characterization Borehole
Investigations"

 Solicitation Number: DE-SOL-0008071
— Feedback received May 5, 2015
— Reuvisions to finalize RFP in process

June 10, 2015 — UFD Campaign Annual Working Group Meeting



https://www.fbo.gov/index?s=opportunity&mode=form&id=d3ff93b06490ac4383e0ba41509dc46a

https://www.fbo.gov/index?s=opportunity&mode=form&id=84a858356a1c20531a1b23beadf74d67&tab=core&_cview=0

https://www.fbo.gov/index?s=opportunity&mode=form&id=84a858356a1c20531a1b23beadf74d67&tab=core&_cview=0
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Fuel Site Evaluation Process — Draft RFP Criteria
Disposition

B Three Technical Criteria:
— Criterion 1. Availability and Geologic Conditions of Proposed DBFT
 Site Technical site guidelines
— Criterion 2. Organization and Qualifications
« Site management team experience, expertise, knowledge, and capabilities
— Criterion 3. Proposed Approach
* Methodology for successful accomplishment
B Three Additional Criteria

— Nontechnical criteria for DOE procurement

June 10, 2015 — UFD Campaign Annual Working Group Meeting 8
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Fuel

DBFT Technical Site Guidelines

Disposition

B The site area should be sufficient to accommodate:

two drilling operations with boreholes nominally separated by at least
200 m;
surface facilities

* to support the drilling operations;

« for sample management and on-site data collection;

« for evaluation of handling operations for surrogate (mock-up) waste
containers; and

« for site operation needs
Sites with ample open area surrounding the drilling site would be
preferred.

The site area should be outside of wetlands areas and should be outside
of 100-year flood zones, with ample access for heavy equipment needs.

B Depth to crystalline basement —

Less than 2 km (1.2 miles) depth to crystalline basement

June 10, 2015 — UFD Campaign Annual Working Group Meeting 9
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Fuel DBFT Technical Site Guidelines (Continued)
Disposition

B Lack of conditions associated with fresh ground water flow at
depth —
— Geologic information and bases should include conditions/features (and
the technical bases for those identified) that provide evidence of the

absence of recharge at depth. This could include (but is not limited to)
for example

» Lack of significant topographic relief that would drive deep recharge,
« Evidence of ancient groundwater at depth, and/or
« Data suggesting high-salinity groundwater at depth

B Geothermal heat flux —

— Geologic information and bases should include evidence of the
geothermal gradient and/or geothermal heat flux at the proposed site

A heat flux of less than 75 mW/m?2 is preferred

June 10, 2015 — UFD Campaign Annual Working Group Meeting 10
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Fuel DBFT Technical Site Guidelines (Continued)

Disposition

B Low seismic/tectonic activity —

— Less than 2% probability within 50 years of peak ground acceleration
greater than 0.16 g (generally indicative of area of tectonic stability)

— Distance to Quaternary age volcanism or faulting greater than 10 km
— Geologic information and bases should provide evidence of the aspects
listed above, as well as any evidence that is available on
« Existence, and orientation, of any foliation in the crystalline basement rocks
* The horizontal stress state at depth in the crystalline basement rocks
— Lack of steeply dipping foliation or layering is preferred
— Low differential horizontal stress is preferred

B Crystalline basement structural simplicity —

— Lack of known major regional structures, major crystalline basement
shear zones, or major tectonic features

— Geologic information and bases should include identification of major
regional structures, basement shear zones, or other tectonic features
within 50 km of the proposed site

June 10, 2015 — UFD Campaign Annual Working Group Meeting 11
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Fuel DBFT Technical Site Guidelines (Continued)
Disposition

B Low potential for interference with testing from other surface
and subsurface usage —

— Information and bases provided for the proposed site should identify any
previous or current uses of the surface and/or subsurface that could
interfere with the test investigations. Such activities include but are not
limited to

« Wastewater disposal by deep well injection,
* CO, injection,

* Oil and gas production,

¢ Mining,

« Underground drinking water extraction, and
 Strategic petroleum reserve sites

— Absence of potential resources in the crystalline basement and
sedimentary overburden is preferable

— The information and bases provided for the proposed site should identify
existing drinking water aquifers and any previous or current uses of the
surface and/or subsurface (such as listed above) within 30 km of the
proposed site as far back as available records indicate

June 10, 2015 — UFD Campaign Annual Working Group Meeting 12
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Fuel DBFT Technical Site Guidelines (Continued)
Disposition

B Lack of existing/previous surface or subsurface anthropogenic
radioactive or chemical contamination —

— Information and bases provided for the proposed site should identify any
previous or current anthropogenic radioactive or chemical contamination
within 10 km of the proposed site

June 10, 2015 — UFD Campaign Annual Working Group Meeting 13
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Used Fuel Disposition Campaign

Deep Borehole Disposal Work Package:
Overview

Geoff Freeze, Bobh MacKinnon, David Sassani,
Kris Kuhlman, Ernest Hardin, Pat Brady
Sandia National Laboratories

UFDC Annual Working Group Meeting
Las Vegas, NV
June 9-11, 2015

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
Corporation, for the United States Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND2015-4502PE.
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Fuel
Disposition

Deep Borehole Disposal Work Package
(1.02.08.17)

B Objectives

— Five-year project, planned for FY15 through FY19, to design and
implement a Deep Borehole Field Test (DBFT)

B Scope (FY15 Activities)
— Task 1: Site Selection (D. Sassani)
— Task 2: Site Characterization (K. Kuhlman)
— Task 3: Field Test Design and Analysis (E. Hardin)
— Task 4: Project Management and Regulatory (G. Freeze)
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Fuel Deep Borehole Field Test (DBFT) Participants
Disposition

B DOE

— (DOE-LV): Tim Gunter, Lam Xuan

— (DOE-ID): Gordon McLellan, Brad Heath, Eliot Dye
B SNL

— Bob MacKinnon, Geoff Freeze, David Sassani, Kris Kuhlman, Ernie
Hardin, Pat Brady, (Bill Arnold), Jack Tillman, Gordon Appel, Mark Rigall

B LANL

— Frank Perry, Rick Kelley
B LBNL

— Jim Houseworth, Pat Dobson
B PNNL

— Paul Eslinger, Brady Hanson
H INL

— Dan Jensen
B ORNL

— Randy Belles
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Fuel Session Outlines
Disposition

B Wed. 06/10 (Room 1242) — 08:00 to 09:50
— DBFT Overview (Freeze)
— Site Selection and Evaluation (Sassani, Perry, Belles)
* Presentations and discussion
— Site Characterization (Kuhlman)
* Presentations and discussion

® Wed. 06/10 (Room 1242) —10:10to 12:00

— Test Design (Hardin, Cochran, Sevougian)

* Presentations and discussion
— International Deep Borehole Experience (Faybishenko, Tsang)
— Borehole Design Options (Rigali)
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Fuel
Disposition

Deep Borehole Disposal History

Hess et al. (1957) NAS Publication 519

* The Disposal of Radioactive Waste on Land.
Appendix C: Committee on Deep Disposal

Obrien et al. (1979) LBL-7089

* The Very Deep Hole Concept: Evaluation of an
Alternative for Nuclear Waste disposal

Woodward-Clyde (1983) ONWI-226
* Very Deep Hole Systems Engineering Studies
Juhlin and Sandstedt (1989) SKB 89-39

« Storage of Nuclear Waste in Very Deep
Boreholes

Ferguson (1994) SRNL WSRC-TR-94-0266

* Excess Plutonium Disposition: The Deep
Borehole Option

Heiken et al. (1996) LANL LA-13168-MS

* Disposition of Excess Weapon Plutonium in Deep
Borehole: Site Selection Handbook

Harrison (2000) SKB-R-00-35

* Very Deep Borehole — Deutag’s Opinion on
Boring, Canister Emplacement and Retrievability

Nirex (2004) N/108

* A Review of the Deep Borehole Disposal Concept
Beswick (2008)

 Status of Technology for Deep Borehole Disposal
Brady et al. (2009) SNL SAND2009-4401

» Deep Borehole Disposal of High-Level
Radioactive Waste

DOE UFD R&D (2011 - Present)

Deep Borehole Field Test
DBFT

1950s 1960s

1970s I \ 1980s I

==
090s 2000s 2010s
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Deep Borehole Drilling History

Disposition

NEllE

Location

Purpose

Geologic Exploration +

Kola SG-3 NW USSR 1970-1992 12.2 8Y2

Technology Development
Fenton Hill (3) New Mexico 1975-1987 3,4.2,4.6 8%,9% Enhanced Geothermal
Gravberg Central 1986-1987 6.6 6% Gas Wildcat in Siljan

Sweden Impact Structure

Cajon Pass California 1987-1988 3.5 6Ya S ISRl AT

Andreas Fault
KTB (2) SE Germany  1987-1994 4,9.1 5,60 | SEURYE BT v

Technology Development
Soultz-sous- 5.1,5.1, s
Foréts GPK (3) NE France 1995-2003 53 9% Enhanced Geothermal

Deep Borehole Field Test
DBFT

1950s 1960s 1970s 1980s 1990s 2000s 2010s






Used Deep Borehole Disposal Concept

Fuel . : : -
Dlijseposition Engineering and Hydrogeochemical Feasibility

Existing drilling technology should permit dependable construction at acceptable cost

Borehole seals can be
engineered to maintain
a low-permeability
barrier over the period
of thermally-induced
upward flow

Crystalline basement rocks
are common in many stable
continental regions

Waste canisters can be
engineered to maintain
structural integrity during
transportation, handling,
and emplacement

Low permeability, density
stratification, and long residence

time of deep saline groundwater Geochemically reducing
opposes upward flow conditions at depth limit the

solubility and enhance the
sorption of many radionuclides
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Fuel DBFT Overview

Disposition

B The DBFT includes:
— Characterization Borehole (CBH) - smaller-diameter (8.5 in.) to 5,000 m

* Drilling and completing

« Downhole characterization testing
— Field Test Borehole (FTBH) - larger-diameter (17 in.) to 5,000 m

* Drilling and completing
— Canister Handling and Emplacement Testing J L

« Canister design and fabrication
— Surrogate canisters without radioactive waste

 Canister surface handling demonstration
* Downhole emplacement and retrieval demonstration
— Seals Research
— Assessment and Analysis
Disposal I

« System Modeling
Int I
nzekrr\.rf]a I I

Seals

Bedrock
3 km

Waste
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Fuel DBFT Project Organization Chart

Disposition

Fuel Cycle Technologies
John Herczeg, DOE/NE-5

Used Nuclear Fuel Disposition
William Boyle, DOE/NE-53
Tim Gunter, DOE
Peter Swift, NTD

Procurement Support

Deep Borehole Field Test
Project Technical Lead, SNL
Supporting National Labs and
University Partners

Site Selection and
Site Characterization

Characterization
Borehole Design
and Testing

Project
Management

Canister and
Emplacement System
Engineering

Emplacement
System
Demonstration

DQE-ID

Technical Advisor/
Execution Support

Site Management and
Drilling Integration
Services for
Characterization
Borehole

Engineering Services for
Services Field Test
Borehole

Drilling Integration

10





Used

Fuel DBFT FY15 Timeline
Disposition

W 09/30/14 — Final Project Plan Rev. 0 Submitted
— FCRD-UFD-2014-000592, SAND2014-18559R

(W 10/24/14 — Siting RFI Issued
_ W 12/08/14 — Siting RFI Responses Received
[ B 04/07/15 — Draft RFP Issued for Site Management and Drilling CBH
_ B 05/05/15 - Draft RFP Responses Received
B Summer 2015 — Award IDIQ Contract for Engineering Services
{ B Summer 2015 — Issue Final RFP for Site Management & Drilling CBH

B Fall 2015 - Final RFP Responses Due
M Early 2016 — Award Contract for Site Management & Drilling CBH
B Summer/Fall 2016 — Start Drilling CBH

11
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Fuel DBFT Estimated Project Budget
Disposition

B ~ $80M over 5-year duration (FY15-FY19)
— FY15: $6.5M planning and procurements
— FY16-FY18: >$20M per year, significant drilling and engineering costs

— FY19: closeout

12
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Fuel DBFT FY15 Milestones
Disposition

B 06/04/15 - Site Evaluation for Deep Borehole Field Test
— SNL, LANL, LBNL, ORNL [M2FT-15SN0817061]

B 07/01/15 - Site Acquisition Activities Initiated
— DOE-HQ [M2FT-15HQ0817072]

B 09/15/15 - Deep Borehole Field Test Specifications
— SNL, LBNL [M2FT-15SN0817091]

W 09/29/15 - Conceptual Design and Requirements for
Characterization and Field Test Boreholes

— SNL, LANL, INL [M2FT-15SN0817081]
B 12/31/15- Site Selection Recommendation
— DOE-HQ [M2FT-15HQ0817071]

13
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