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ABSTRACT: Most recently, deep borehole disposal (DBD) has been proposed as an alternative to tunnelled or
mined repository disposal (TMRD) of high-level radioactive waste (HLW) and spent nuclear fuel (SNF). In this
study, the concept of deep borehole disposal as well as its potential advantages and technological challenges are
described together. From the view points of such potential advantages and technological challenges of deep borehole
disposal, importance of geologic formations as natural barriers and necessity of geology as a core science have
to be inevitably considered in site selection, behavior prediction, performance evaluation, and safety analysis for
feasibility study and decision making of deep borehole disposal.
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Fig. 1. Generalized concept for deep borehole disposal
of high-level radioactive waste (HLW) and spent nu-
clear fuel (SNF) (Arold et al., 2011). The right lower
small figure shows the waster disposal zone, which is
located below the depth of 3,000 m, and the right upper
small figure shows the borehole seal system, which is
located above the depth of 3,000 m. The dashed blue
line indicates a typical boundary between shallow fresh
groundwater and deep saline groundwater. For refer-
ence, the Burj Khalifa Tower, Dubai is about 830 m
high. The Onkalo spent nuclear fuel repository, Finland
is about 520 m deep, and the WIPP (Waste Isolation
Pilot Plant), USA is about 660 m deep.
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Fig. 2. Schematic section of crystalline basement rocks
with overlying sedimentary rocks depicting the con-
cept of deep borehole disposal of nuclear waste (vertical
red cylinder) in contrast to disposal in an relatively shal-
low underground tunnelled or mined repository
(horizontal black box) (Blue Ribbon Commission on
America’s Nuclear Future, 2012).
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Fig. 3. Schematic section of deep borehole disposal of
waste packages for pressurized water reactor (PWR) or
boiling water reactor (BWR) spent nuclear fuel (SNF),
high-level radioactive waste (HLW), or other waste
forms (Brady et al., 2009).
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Fig. 4. Schematic view of deep borehole completion
(Arnold et al., 2011). The configuration shown is after
emplacing waste and setting an overlying cement plug,
but before cutting and removing a series of remaining
borehole casing including guidance tieback. As a result,
borehole seal systems are not yet present. Note that ver-
tical dimensions are not to scale.



N\

428

% 24, 942 712 4Ae] A Eolth(Amold
et al., 2011). T oA HThAH] A7 22 x| A8
2 3he] B3 A5 2] (lower uncased sealing/
plugging zone)¥} A9 5% 28 2| H(upper
cased sealing/plugging zone) &2 L}=o] Xt} 3}
wo] By UE Aele Yol WH(IE) S
(bridge plug), REAY(AHE, HIEL}C|E, HELL
o|E-Hef)), FHAMAIHNE) H F2HA(=H, Al
) S22 FAE jloH, AHES} HE
HolES EYFemN olF Aol I} WS
Z|&3}sl7] 9I3F FFAKGsilica sand) E= A2
¢H(finely crushed rock) MU (ballast)E =g}t
o, Tl RS S WE AL AE Aol
oto]l API (American Petroleum Institute) 73 5
AR ERRE o) mF 2R 2] Al
E A7 1%) 9@ FRSA (=, AEEAY)
o2 FAH ok I8 62 AR A5 dut
EH) ZE A 2H")(generic disposal system, GDS)

«— Casing Cement
|«— Intermediate 1 Casing
API-type
plug
Cement Plug (100 m)
®*— Bridge Plug

<«—— Cement (100 m)

—

Upper, cased
sealing / plugging zone

1.5 km

Cement Plugs (150 m)

Backfill
- Cement
- Sand / Crushed Rock

Lower, uncased
sealing / plugging zone

«—— Cement (100 m)
=— Ballast

<«—— Cement (100 m)
Bentonite (50 m)
<«—— Cement (100 m)
Bridge Plug
Cement (100 m)

OO (o o o e 0§

3 km

Waste emplacement zone

v

Fig. 5. Schematic view of deep borehole sealing, plug-
ging, and backfilling reference design (Arnold et al.,
2011). The borehole seal system is separated into the
lower uncased sealing/plugging zone and the upper
cased sealing/plugging zone.
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Fig. 6. Schematic illustration of deep borehole disposal
of commercial used nuclear fuel (UNF), DOE high-lev-
el radioactive waste (DHLW), and/or commercial
high-level radioactive waste (CHLW) used in deep
borehole generic disposal system (GDS) modeling
(Clayton et al., 2011).
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