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Deep Borehole Disposal

• 5,000 m deep borehole(s) 
in crystalline basement 
rock, well below 
groundwater resources
• Waste canisters in bottom 

2,000 m

• Seals in upper 3,000 m

• Bottom hole diameter
• 17 in. for bulk waste forms 

or SNF/HLW

• 8.5 in. for smaller DOE-
managed waste forms

IAEA

5 km Paths



3

IAEA

Fundamental Safety Premise

• The fundamental safety objective is to protect people and 
the environment from the potential for harmful effects of 
radioactive waste. 

• To manage the waste burden through permanent disposal in 
a manner that protects the accessible biosphere*

• The strategy to achieve this fundamental safety objective is 
to contain and isolate the waste from the accessible 
biosphere, to the extent that is necessary to have 
reasonable confidence that the uncertainties of e.g. 1Myr 
timeframes are addressed.
• Disposal facilities are to be developed in such a way that 

people and the environment are protected both now and in the 
future

• To leave future risks no greater than one would accept at 
present. 

*(groundwater and other resources used by or accessed by people).  
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Perspectives from Mined Repositories

Coupling between the surface and near-field 
disposal environment 
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Deep Borehole Disposal
Greater confidence in waste isolation

Mined
Repositories

2 km DBH 
Disposal Zone

3 km DBH Plug 
& Seal Zone

Surface Effects / FEP inclusion

Safety Case / PA Development Time/Cost
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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

• Spent-Fuel Test - Climax (1986): 
An Evaluation of the Technical Feasibility of 
Geologic Storage of Spent Nuclear Fuel in Granite  

• Juhlin & Sandstedt (1989) SKB 89-39
Storage of Nuclear Waste in Very Deep Boreholes

1950s 1960s 1970s 1980s 2010s1990s

 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 Retreivability

 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

2000s

Deep Borehole Field Test
DBFT
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Performance Assessment 
August 2009

Preliminary analysis suggests 
excellent long-term performance
• Conservative estimate of deep borehole 

peak dose to a hypothetical human 
withdrawing groundwater above the 
disposal hole is

• 1.4 x 10-10 mrem/yr (1.4 x 10-12 mSv/yr)

• YMP standard is 15 mrem/yr (< 10,000 
yrs) and 100 mrem/yr (peak dose to 1M 
yrs)

Source: Brady, P.V., B.W. Arnold, G.A. Freeze, P.N. Swift, S.J. 
Bauer, J.L. Kanney, R.P. Rechard, J.S. Stein, 2009, Deep Borehole 
Disposal of High-Level Radioactive Waste, SAND2009-4401, 
Sandia National Laboratories, Albuquerque, NM
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Raising Visibility (2/2010)
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Nuclear Waste Technical Review Board Meeting
Las Vegas, NV  - February 16, 2011

• “The Board certainly agrees with 
your conclusions on the technical 
aspects of deep borehole disposal 
and it appears that it is time to plan 
to move forward with a common 
vision for the technology.”

• “It is time for detail implementation 
plans to be developed that include 
drilling, design of infrastructure and 
facilities to handle waste, and 
demonstrations with surrogate 
material; paper study of this disposal 
option is relatively complete.”
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October 2011
Sandia Workshop: Pilot Testing Deep Borehole Disposal of Nuclear Waste

In October, 2011 Sandia brought 
together twenty representatives from 
the fields of radioactive waste 
disposal and drilling to: 
• review the state of deep borehole science 

and engineering; 

• identify the necessary features of a deep 
borehole pilot demonstration; and, 

• consider organizational approaches to 
implementing a deep borehole pilot. 
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12. Near Term Actions
• Disposal

• DOE should develop an RD&D plan and roadmap for taking the 
borehole disposal concept to the point of a licensed 
demonstration (p. 134).

• Regulatory Actions
• The Administration should identify an agency to take the lead in 

defining an appropriate process (with opportunity for public input) 
for developing a generic safety standard for geologic disposal 
sites. The same lead agency should coordinate the 
implementation of this standard-setting process with the aim of 
developing draft regulations for mined repositories and deep 
borehole facilities (p. 135).

Blue Ribbon Commission on America’s Nuclear Future
Report to the Secretary of Energy, January 2012
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Administration Response to BRC 
January 2013

“The ability to retrieve used nuclear fuel and high-level 
radioactive waste from a geologic repository for safety 
purposes or future reuse has been a subject of repository 
design debate for many years. A recently completed technical 
review by Oak Ridge National Laboratory found that 
approximately 98 percent of the total current inventory of 
commercial used nuclear fuel by mass can proceed to 
permanent disposal without the need to ensure post-closure 
recovery for reuse based on consideration of the viability of 
economic recovery of nuclear materials, research and 
development (R&D) needs, time frames in which recycling 
might be deployed, the wide diversity of types of used nuclear 
fuel from past operations, and possible uses to support 
national security interests. This assessment does not preclude 
any decision about future fuel cycle options, but does indicate 
that retrievability it is not necessary for purposes of future 
reuse.”

• this is open recognition of support for direct disposal AND no need for 
retrievability for reuse

“In FY 2013, the Department is undertaking disposal-related 
research and development work in the following areas: an 
evaluation of whether direct disposal of existing storage 
containers used at utility sites can be accomplished in various 
geologic media; an evaluation of various types and design 
features of back-filled engineered barriers systems and 
materials; evaluating geologic media for their impacts on waste 
isolation; evaluating thermal management options for various 
geologic media; establishing cooperative agreements with 
international programs; and developing a research and 
development plan for deep borehole disposal, consistent with 
BRC recommendations.”

• explicit recognition of deep borehole development as on the R&D agenda
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October 2014

Other countries have also expressed interest: 
Germany, China, Korea, Ukraine…

IAEA

2015…2016

https://www.grs.de/publikation/grs-405 https://www.sheffield.ac.uk/materials/
news/deepboreholedisposal-1.586985
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The Deep Borehole Field Test 

• December 19, 2016: 
• The Department of Energy (DOE) is announcing the selection of 

four companies to begin exploring the possibility of conducting a 
deep borehole field test. Ultimately, only one site will be chosen for 
the field test.

• AECOM is exploring a site in Texas,

• ENERCON is exploring a site in New Mexico,

• TerranearPMC is exploring a site in New Mexico, and 

• RE/SPEC is exploring a site in South Dakota

• May 23, 2017: 
• UPDATE: Due to changes in budget priorities, the Department of 

Energy does not intend to continue supporting the Deep Borehole 
Field Test (DBFT) project and has initiated a process to effectively 
end the project immediately.
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Summary

• Each country has it’s own unique ‘value-
engineering’ in deciding upon and implementing 
a disposal strategy, whether by:
• a mined deep-geologic repository, 
• a deep-borehole disposal system, 
• or both.

• The last decade of research and development 
by the international community suggests DBH 
disposal is quite possible.

• There is sufficient international interest that a 
full-scale demonstration is still possible.   
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