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Introduction

On March 15, 2010 Sandia National Laboratories and the Massachusetts
Institute of Technology (MIT) brought together roughly two dozen experts in
the field of radioactive waste disposal to identify research needs for deep
borehole disposal of nuclear waste. Following background presentations by
the conveners and other participants, the attendees discussed research gaps
and licensing and regulatory issues. The list of attendees, agenda, and
presentations can be found below. A meeting summary follows.

Discussion

Discussion topics fell into 4 categories — Borehole Operations, Retrievability,
Site Characterization, and Licensing. Discussion summaries for each category
follow

Borehole Operations: Discussion focused on the need to understand drilling
damage and extent and properties of the disturbed zone close to the borehole,
and on the need for high integrity, low permeability seals to assure long-term
isolation. Characteristics of the interface between the seals and the borehole
wall will be particularly important. Fergus Gibb (Sheffield University) noted that
using a “welded-rock” zone for part of the plug may be a promising approach.
Several experts noted that it may be desirable to remove the steel liner in the
zone above the waste before sealing. Others noted that wider boreholes
become expensive rapidly. Estimated drilling outlays are very approximate
because of fluid material costs, and the lack of extensive experience in the 30-
50 cm diameter range.

Potential operational problems during emplacement, including damage to
canisters and waste during the trip down the borehole, should be minimized,
and it may be desirable to line the hole for its entire length with steel casing.
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Some participants noted the value of establishing a reference design concept to
provide a baseline for evaluating performance and impacts of alternative
approaches.

Retrievability: Retrievability should be maintained through successful
downhole insertion and up to the time the borehole is sealed. A slotted
emplacement zone hole liner could be considered to facilitate grouting the liner
to the hole wall and to the canisters. This would also provide support against
crushing of bottom-most canisters and permit use of the simplest configuration:
filling a single-branch vertical hole in stages, allowing the grout (cement) to dry
before inserting the next upper set of canisters.

Site Characterization: Site, host rock, and hydrology characterization before,
during and post-drilling and loading operations will be important for evaluating
site viability and establishing the licensing basis. Examples of favorable site
characteristics include tectonic stability, homogeneity of features such as
permeability, high salinity of porewater at depth, and absence of overpressured
zones. The use of natural analogues and evidence such as U-Pb indicators of
transport can make major contributions to evaluating radionuclide mobility.
Core samples will be useful sources of data. Both small and full-diameter
boreholes can be used for acquiring key scientific information and for
demonstrating key engineering and procedural features.

Licensing: The deep borehole approach could be difficult to license under
regulations currently in effect in the US, which were written specifically for
mined repositories.

Equally important were a number of engineering design and performance
assessment principles recommended to guide future efforts:

a) Itisimportant to separate those research needs that have a significant
potential to impact the viability of the disposal concept from those that
are less likely to do so.

b) Itis important to focus on evaluating the viability of the concept at a
generic level, considering a broad range of potential site conditions, and
not narrow the siting search to a unique best-of-all sites.

¢) Containment within the host formation (i.e., crystalline basement rock)
should be the goal. Significant releases of radionuclides high-
permeability into sedimentary overburden will make it more difficult to
make a case for effective isolation.

d) The focus should be on the natural barriers and shaft seals, rather than
on waste form and packaging. Unnecessary engineering enhancements
could overly complicate the performance assurance effort. Simplicity is
key.

e) Retrievability should not be allowed to compromise safety.



f) Information gained from the first hole in a disposal array should be used
to simplify characterization of subsequent holes at the same site.
g) Surprises and a consequential evolution of requirements and features

should be expected.

General research goals include:

I.  To define a detailed reference base-case concept with as few variations
as practicable but including: extent of casing, total depth, maximum

diameter, lithology (with sedimentary cover or not), plugging/seals

design, and perhaps minimum downhole standards;

Il.  To propose capabilities for pilot/prototypical holes to identify what is to

be achieved and by when;

lll.  Toidentify what is needed for a compatible regulatory structure.

Table 1. Workshop Attendees

Bill Arnold Sandia
Doug Blankenship Sandia
Pat Brady Sandia
Dave Diodato NWTRB
Mike Driscoll MIT
Michael Fehler MIT
Fergus Gibb U. Sheffield
Jim George DOE
Jack Guttman NRC
Bill Halsey LLNL
Kris Jensen MIT
Richard Lester MIT

Allison Macfarlane
Christopher Markley

George Mason Univ.

NRC

Bill Murphy

Thomas Nicholson
Leonid Neymark

Mark Nutt
Andrew Orrell
Tom Peake

Christine Pineda

Dan Schultheisz
Andrew Sowder
John Stuckless
Johan Swahn
Peter Swift
John Ullo

Roald Wigeland

NWTRB
NRC
USGS
ANL
Sandia
EPA
NRC
EPA
EPRI
USGS (retired)
MKG, Sweden
Sandia
Schlumberger
INEL

DOE = Department of Energy; EPA = Environmental Protection Agency; EPRI = Electric Power
Research Institute; INL = Idaho National Laboratory; NRC = Nuclear Regulatory Commission;
USGS = United States Geological Survey. Note: NRC and EPA attendees were present at the

meeting as observers.



Workshop Agenda

When: March 15, 2010

Where: The Mayflower® Renaissance Washington, DC Hotel, 1127 Connecticut Avenue NW,
Washington, DC, 20036-4301, (202) 347-3000.

Goals:

1. To develop and document a consensus on needed research for borehole disposal of
nuclear waste.

2. Tointroduce the concept of borehole disposal to a broader range of interested
observers, practitioners, and policy-makers in the nuclear waste field.

3. To engage knowledgeable people from outside the nuclear waste community with
relevant technical expertise in developing insights into research needs for borehole
disposal.

Schedule:

8.00-9.00 A.Mm. Overview, workshop goals (5 minute welcome: Andrew Orrell; 20 minute
Engineering Overview Mike Driscoll; 20 minute Performance Overview — Peter
Swift; 10 minute Workshop Plan - Pat Brady)

9.00-10.30 A.M. Panel 1: Criteria for siting and performance assessment (Lead: Bill Arnold; Kris
Jensen)

10.30-12.00 p.M. Panel 2: Downhole engineering and design issues (Lead: Mike Driscoll; Doug
Blankenship)

12.00-1.00 p.M. LUNCH

1.00-2.30 p.M. Panel 3: Regulatory and licensing issues (Lead: Peter Swift; Richard Lester)

2.30-3.30 p.M. General discussion; prioritization of research needs (Leads: Richard Lester; Pat
Brady)

3.30 P.M. ADJOURN



Presentations

Peter Swift — Sandia







Mike Driscoll — MIT

A Case for Disposal of Nuclear Waste
in Deep Boreholes

Michael J. Driscoll
Massachusetts Institute of Technology
March, 2010

Favorable Aspects of Deep Boreholes

= Reducing chemistry: guarantees low solubility

= Extremely low rock permeability and water
content,/mobility

= Mot heat load limited

Inherently modular: Drill as needed, pay as you go

= Widespread applicability — can share international RDED

exparience

Simpler [but not trivial) to analyze: easier to understand

case for safety assurance

= May be possible to separately license borehole technology
and siting — analogous to process for standardized reactors

= Synergism with engineered geothermal systems (EGS)
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MNew Technical Factors Favoring Re-evaluation of
Deep Borehaoles

* Improved oil/gas/gecthermal drilling technology
especially for enhanced geothermal systems:
same rock, same depth

Successful Swedish & Finnish repository siting —
same type of rock but in shallower (~300 m)
mined repositories. Deep boreholes are slimmer,
deeper |3 — 4 km) versions. Rock properties
improve with depth (e.g., lower permeability)

* Improved host rock characterization methods:
Again oil & gas developments. Both wide-field &
downhole, e_g. seismic imaging, well logging
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Disadvantages of Deep Boreholes

* Harder to retrieve waste after final repository
closure (but not impossible) (Advantageous
for some waste classes)

= Cannot use for disposal of large intact
contaminated components (not a pertinent
goal?)

Somewhat larger diameter than most other
applications (i.e., 0.5 vs. 0.25 m}; but can use
smaller diameter for conseclidated fuel or
reprocessing waste forms
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waorth mentioning is a possible factor inhibiting research in
this area — the prohibition in the US Nuclear Waste Policy
act of 1982, as amended in 1987, of the evaluation of
disposal into granite; to quote Sec. 161:

{c) TERMIMATION OF GRANITE RESEARCH. — Mot later
than & months after the date of the enactment of the
Muclear Waste Policy Amendments Act of 1887, the
secretary shall phase out in an orderly manner funding
for all research programs in existence on such date of
enactment designated to evaluate the suitability of
crystalline rock as a potential repository host medium.
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MIT Findings over Past 20 Years

= Confirmative of work by others
= Prospects are pood for very effective sequestration
The main escape threat is by tansport in water
= Mast challenging radicnudide is [-129
= Weakest link may be borehole plug
= The approach appears to be cost-effective: <100 5/ks

HIM for ready-to-use hole (1 mill/kWhre fee is
equivalent to ~400 5/kg HM)

The thermal leading is quite tolersble — local max. reck
temperaturs increase can be kept to 207 to 30°C

summary/Conclusions/Recommendations

= Deap boreholes are worth
reconsideration — especially as an
alternative to transmutation

= Should exploit synergism with
enhanced/engineered geothermal
systems (EGS)
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Except where otherwise indicated, the views expressed are those of the authors
and should not be construed as findings or recommendations of the U.S.
Nuclear Waste Technical Review Board.

Critical Aspects of Borehole Disposal

* Many potentially suitable lithologies

Some geologic settings are more suitable than

others for safe and reliable borehole disposal

Engineered elements must function in harmony

with natural system characteristics

* To reduce uncertainty and enhance confidence,
sustained testing and analysis of geologic and
engineered elements critical to system
performance is required
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Table 2. Long-term research questions developed and prioritized (1
being most important) by the workshop attendees.

Order Research Question

1 Design of a Pilot: Shallow for testing emplacement engineering; Full depth to
prove it can be done and recovered (Both actual diameter). Establish nature
and role of field-scale pre-emplacement pilot testing.

2 Borehole sealing/drilling: What happens if you can’t seal the borehole? How
many holes will fail/be abandoned? Rock welding?

3 Geochemistry: Uranium mobilization evidences, extent of coring and analysis?
Paleohydrologic indicators; natural analogues. Note: this is a part of a larger
groups of methods to interrogate hydrogeochemical stability. Fracture filling
stability, heterogeneity, effect on performance, sensitivity to drilling (mud
compatibility)

4 Drilling: Assess the link between drilling and disturbed rock permeability. Show
that borehole environment and performance is not deleteriously perturbed by
drilling/emplacement.

5 Reliability and Surveillance: How to demonstrate: bentonite in the annulus,
bridge plug emplacement and performance, sensor performance and sensor
parameter targets

6 Hydrology: Establish lithologic heterogeneity controls over large-scale fluid
convection in borehole disturbed zone.

7 Waste Form: Ordinary casing?, high quality stainless steel? something else?
Fuel consolidation (thermal load)

8 Downhole Testing: What tools are missing? E.g. acoustic and electromagnetic
techniques that allow continuous surveillance of vertical fluid motion.

9 Geology: Geopressured zones at depth: How to detect/predict/pre-screen?
How to show when/if it doesn’t matter.

10 Drilling: Establish value of casing all the way down?

11 Performance: Glacial effects




