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Deep Borehole Disposal Concept =

= <17” holeto 5 km

= Straightforward
Construction

= Robust Isolation
from Biosphere

= Conditions at Depth
= Low permeability

= Stable fluid density
gradient

= Reducing fluid
chemistry

= Old groundwater




Radioactive Waste

= Waste Properties
= Thermal output
= Physical size
= Waste total volume
*" Primary Waste Forms

= DOE-managed high-level waste

= Liquid reprocessing wastes:

— Borosilicate glass logs

— Cs-137/Sr-90 capsules

— Calcine powder

zzzzzzzzzz

Hanford tank farm 2,000 Cs/sSr Capsules [=3” diam.]
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Radioactive Waste Volumes

Commercial and DOE-Managed DOE-Managed
HLW and SNF HLW and SNF

DOE-Managed HLW

Treated sodium-bonded
fuel wastes

132
<1% WVDP HLW glass

245
1%

Germany HLW glass
3
<1%

Sodium-bearing
waste

721
3%

DOE HLW
26,260
Existing SRS
HLW glass

12%
Treated
Calcine waste 2,969
11%

Commercial SNF
183,896 v ‘ et
0, '’
85% 14%

Projected SRS
HLW glass
3,988
15%

DOE SNF
(includes naval SNF)
7,165
3%

Projected Hanford
HLW glass
14,089
54%

Projected volumes given in m?

= 30% total curies of radioactivity at Hanford

HLW = High-Level Waste
SNF = Spent Nuclear Fuel




Deep Borehole
Disposal Concept




Deep Borehole Disposal Concept — ()

Safety and Feasibility Considerations

Long-Term Waste Isolation (hydrogeochemical characteristics)

;

= Waste emplacement is deep in

crystalline basement

* Atleast 1,000 m of crystalline rock
(seal zone) overlying the waste
disposal zone

 Crystalline basement within 2,000 m
of the surface is common in many
stable continental regions

Crystalline basement can have very

low permeability
* limits flow and transport

Deep groundwater in the crystalline basement:
« Can have very long residence times — isolated from shallow groundwater
» Can be highly saline and geochemically reducing — enhances the sorption and limits
solubility of many radionuclides
» Can have density stratification (saline groundwater underlying fresh groundwater) —
opposes thermally-induced upward groundwater convection
I ——————



Deep Crystalline Drilling

Depth to

Total Depth Diam. at TD

=

q a Diameter (mm)
Location Crystalline (k] linch] om0 w0 0 a0 o W ED a0
Kola NW USSR 1970-1992 0 12.2 8% . . ® Shafits,
Military
range of internal diameters
Fenton Hill New Mexico  1975-1987 0.7 2 314' el 8%, 9% copsidered
Dil and gas
Urach SW Germany 1978-1992 1.6 4.4 5% | storage,
Geothermal
I E
Gravberg Sc\flggr:n 1986-1987 0 6.6 6% - Deep Borehole
- Concept
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California ® | KTB, Germany; 165 mm
10000 b
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CCSD E China 2001-2005 0 2,5.2 6 . (Beswick 2008)
Central
SAFOD . . 2002-2007 0.8 2.2,4 8%, 8%
California
D Borehole Field Test
Basel Switzerland 2006 2.4 5 8% R e
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Disposal Concept vs. Field Test @
= Deep Borehole Disposal (DBD)

= Boreholes in crystalline rock to 5 km TD

= 3 km basement /2 km overburden

= 1 km basement seal

= 2 km disposal zone

A
= Single borehole or grid Seal
Interval
1 km
. Bedrock
= Deep Borehole Field Test (DBFT) 3 km
= Department of Energy — Office of Nuclear Disposal
Interval
Energy (DOE-NE) > km
= FY 2017-2021 project \
Y

= Two boreholesto 5 km TD

= Science and engineering demonstration



Deep Borehole
Disposal
Performance
Assessment
Modeling




Deep Borehole PA Models 1)

3466 mbs

- DRZ

= Performance Assessment (PA)
. _ Ballast
MOdEIlng SZ & SZ cement plug

(lower) r'k\
= Use standard reference: Semunts Sl
= geology
: 4466 mbs g
= borehole design .- 5;wasts packages
-
= Assume single borehole, Cs/Sr waste E7 “} EZ cement plugs
7 4
= Assess long-term post-closure safety +— Cs waste packages
under undisturbed conditions LN ™. EZ annulus (Emplacement fluid)
= Thermal- hydrologlcal chemical
.............. ladrad i AL ATNODANI
500x horizontal exaggeration
(Freeze et al. 2016) SAND2016-10949R 6000 mbs

Deep Borehole Disposal Safety Analysis




Deep Borehole PA Models () i,
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Deep Borehole PA Models
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Deep Borehole
Field Test: 2017-2021




Deep Borehole Field Test Events () i,

= The US DOE has made no decision to dispose of any waste in deep
boreholes, however

= A deep borehole field test has been proposed to review feasibility

= Jan 2016: Request for Proposals (RFP) - DOE selects 1 team

= Battelle - proposed site in North Dakota (Pierce County) and alternative site in South
Dakota (Spink County

= Jan 2017: Second RFP, DOE selects 4 teams
= AECOM - proposed site in Texas (Pecos County)
= ENERCON - proposed site in New Mexico (Quay County)
= TerranearPMC - proposed site in New Mexico (Otero County)
= RE/SPEC - proposed site in South Dakota (Haakon County)

= Phased approach with initial emphasis on obtaining public support

= Down-selection to one contractor team for executing the drilling and testing




Deep Borehole Field Test (DBFT) =

= Drill Two 5-km Boreholes

= Characterization Borehole (CB): 21.6cm [8.5”] @ TD
= Field Test Borehole (FTB): 43.2cm [17”] @ TD

= Demonstrate Ability to:
= Drill deep, wide, straight borehole safely (CB + FTB)
= Characterize basement (CB)
= Test formations in situ (CB)
= Collect geochemical profiles (CB)

= Emplace/retrieve test packages (FTB)




Characterization Borehole (CB) =

Land Surf
Z2N\274

=Water Table

Conductor Borehole ~
and Casing (no scale)

= Medium-Diameter Borehole

=  Within current drilling experience

= Testing/Sampling During Drilling

Intermediate Borehole, Izrl:e“r?:‘d[iggz "]Cgizi:]\‘lg
31.1 cm [12%"] diam. : .

Sedimentary Overburden (32 km)

= Drilling mud logging (gas, liquid & solid) soessorfresh e Y -

= Core in crystalline section

k- Top of Crystalline”!

o . . [ ‘Basement 2 km -
= Testing/Sampling After Completion //3@/;‘\»\3 /\E/}gffi&]\’\\\‘\g\’\\,ﬁ/|\’/ \
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o . SRS AR
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1, Qv I 4/1,/ o/ NaS K
NG XV, (AN AR AN
INTNET L Us i\ N
2 '7—\'j g}‘/g{lf 7 VB/@%&(@/,\*
Borehole designed imi TN RS
orenole designed to maximize EASA AU I 2/ TRTSLENT i

A8

likelihood of good samples (L 2016) SAND2016 9235R

DBFT Laboratory and Borehole Testing Strategy




Field Test Borehole (FTB) ==

= Large-Diameter Borehole

= Push envelope of drilling tech

= Casing Schedule

= Continuous 13 %” pathway to TD
= Slotted & permanent in disposal interval seg|

= Removable in seal and overburden '"fekrr‘;a'

intervals

= Demonstrate Ability to | |

= Emplace test packages Disposal I | 17" hole
Interval 1334" slotted casing

= Remove test packages 2 km | |

= Surface handling operations
g op Y I I

Borehole designed to maximize
emplacement safety (SNL 2016) SAND2016-10246

Deep Borehole Field Test Conceptual Design Report

22" hole
18" casing

'(\port collar




DBFT Objectives ) .

Design and construct
characterization borehole
Evaluate site then field test borehole

Develop and test systems
for handling, emplacing, and

retrieving WP;

Design and
test WPs

Emplacement
hazard
analysis

Characterize
overlying
sediments,
fluids,

and hydrologic
conditions

: \PP
Onkalo =W

Design seal
system

Evaluate WP, WF,
casing, cement,
and seal materials

Characterize
the borehole disturbed
rock zone (DRZ)

In situ thermal test

Characterize crystalline
basement, fluids, and
hydrologic conditions

No radioactive waste will be
used in conjunction with
the DBFT activities (DOE RFP 2016).
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Bulk Permeability Decreases with Depth
0

Observed Profiles

Salinity Increases with Depth
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Bulk Permeability Increases with Scale
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Lab matrix k (green) 1

Borehole k sparsely
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Characterization Borehole (CB) =
= Sampling During Drilling

= Borehole Geophysics
= Flowing Borehole Salinity Log

- '
Sedimentary Overburden (52 km)

= Sample-based Profiles High-permeablity
S
= Fluid density/temperature/major ions R )
. . —— ) =T 7212
= Pumped samples from high-k regions [ | 37/5%%/,;
o ; ~ . TN
. : <0 ST NP A [ TS
= Samples from cores in low-k regions o2 -_X\\_\-\y W@ 7 A
1< 8 Sl AT N B vy
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= Formation hydraulic/transport properties PO St | @,“7&“,%_"”7'\@27;{{7\1, B
. B ] § A TRRRRE
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CB Characterization During Drilling T

= Mud logging (~continuous)

= |on chromatograph (liquid)
= Gas chromatograph (gas)
= XRD/XRF rock flour (solids)

= Fluid sampling (each ~30 m)

High-permeability
wireline packer test
and sampling

V
Sedimentary Overburden (52 km)

= Mud before & after circulation

= AR X[y I~ 7 Zn
7 /-] ] 7 '\/ //\
. Anal | Bl Kol S a
nalytes <o 8 @_.gl\l/*q\,i AR
. L. . = | SR -\~ Tracer tests
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CB Testing After Drilling g

= Flowing Fluid Electrical e i Fractures
. . 0(') 4|0 8|0 1IIZO 1§0
Conductivity (FFEC) log @ " v I B S—
: ——433 Days (P2)
. . . ——597 Days (P3)
= Determine location of: A, A
=K 2036 days (P5)
= Permeable zones — Average Temp
= @Gaining zones
. — 1000
= Losing zones E
= Focus in situ packer testing on: g .
= 5 permeable zones
= Formation fluid samples collected
at surface e
= Estimate hydraulic properties
= 5 |ow-permeability zones N :
0 25 50
= Estimate hydraulic properties Average Temp

Sharma et al. 2016




In Situ Testing

In Situ Packer Test

ing

New hydromechanical dipole test

k(ppacker)

= Hydrologic Tests

Static formation pressure

Permeability / compressibility / skin

igh k intervals

Sampling in h

Tracer Tests

Variably
Inflated
Packer

tion-withdrawal

injec

Single-well

Tests

ing

Fracturi

1IC

= Hydraul

= g, magnitude

Estimate stress tensor via

existing fractures

Fixed

Disturbed Rock Zone

Packers




Environmental Tracers in Samples

= Vertical Profiles
= Noble gases (He, Ne, etc.)
= Stable water isotopes
= Oxygen; hydrogen

= Atmospheric radioisotope
tracers (e.g., 8Kr, 1291, 36Cl)

m 2381y /234 ratios

= 87Gr/86Sr ratios

= Estimate
= Water provenance

= Flow mechanisms/isolation
Minerals - pores - fractures
(evaluate the “leakiness”)

Cosmic Ray Bormbardment
Anthropogenic Activity - ——
Atmospheric Evalution

Atmospheric
equilibration

Decay of
Atmospheric
Radio-lsotope

Expuosure Lo
sub-surface
radio-active
decay
Interactions with
mantle/crustal fluids - f,,aa"
distinct Isotcpic - \
signatures \

radium 226

throrium 234 J,:-',‘
amtactinium 234 3
uranium 234 v o
thorlum 230 ¢ W~

radon 222 oy ¥
polonium 218 o v

5, |E.:'-Id 114 IH :{"
my. . bismuth 214 3 ,~

Addition of radiogenic isotooes - T:;:n;? { N
e.g. He, 21Ne, V'Ar, 131X B

kismuth 210 3 ’.-.
polonium 210~ ,f.

lead 206 .

L

(After Kuhlman, 2015)

Fluid Sample Quality + Quantity will be a Focus!
Repeatability across driling, packer & core samples?




Sandia
Characterization Differences =,
= DBFT Likely Different From:
= Qil/gas or mineral exploration (low perm., low porosity rocks)
= Geothermal exploration (low geothermal gradient)
= Shallow drilling/testing (high p, high o, deep, breakouts)

= DBFT Characterization Approach
= Not exhaustive permeability characterization (scaling)
= Seeking geochemical evidence of system isolation

= Use “off-the-shelf” approaches when available

= DBFT Goals
= Drill straight large-diameter boreholes to 5 km depth

= Demonstrate sample collection (cores + formation fluid)

" Enough samples

SAND2010-6048

" Low enough contamination level

= Demonstrate in situ testing at depth (3 to 5 km)




Summary

= Deep Borehole Disposal Concept
= Robust isolation from biosphere
= Seal/DRZ only pathway for release
= Simple construction (for few boreholes)
= Wide site availability
= Single-phase, diffusion dominated

= Geological issues?

= Drill elsewhere vs. Engineer away

= Deep Borehole Field Test (FY17-21)

= Drill two 5-km large-diameter boreholes

= Demonstrate ability to

* Characterize bedrock flow system (CB)

SAND2010-6048

= Emplace/retrieve test packages (FTB)




Thank you @

Kevin McMahon, Manager

Nuclear Waste Disposal Research & Analysis Department
Sandia National Laboratories

Email: kamcmah@sandia.gov

Mobile: +1 505 944 6511




