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Characterization Borehole CB
• Medium-Diameter Borehole

— Within current drilling experience

• Testing/Sampling During Drilling
— Drilling mud logging (gas, liquid &

solid)

— Core in crystalline section

• Testing/Sampling After Completion
— Packer tool via work-over rig

— At limits of current technology

• Demonstrate Ability to
— Perform in situ testing at high P & T

— Build evidence for old groundwater

Borehole designed to maximize likelihood
of good samples

=Water Table

Surface Borehole
44.5 cm [17W] diam.
TD .460 m [1,5001

.13ase of Fresh Water

Intermediate Borehole
31.1 cm [12%1 diam.
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Conductor Borehole -
and Casing (no scale)

Surface Casing
34 cm [13%1 diam.

Intermediate Casing
24.4 cm [9W] diam.
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DBFT Laboratory and Borehole Testing Strategy
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3 1 Field Test Borehole (FTB)

• Large-Diameter Borehole
— Push envelope of drilling tech

• Casing Schedule
— Continuous 13 %" pathway to
TD
• Slotted & permanent in disposal

interval
• Removable in seal and
overburden intervals

• Demonstrate Ability to
— Emplace test packages
— Remove test packages
— Surface handling operations
Borehole designed to maximize

emplacement safety

J

Seal
Interval
1 km

Disposal
Interval
2 km

1 36 hole
66. 30" casing

28" hole
24" casing

22" hole
185/8" casing

,__6, port collar

17" hole
133/8" slotted casing

(SNL 2016) SAND2016-10246 R

Deep Borehole Field Test Conceptual Design Report
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5 Observed Profiles
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Salinity Increases with Depth
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61 Characterization Borehole (CB
• Sampling During Drilling

• Borehole Geophysics
• Flowing Borehole Salinity Log

• Sample-based Profiles
— Fluid density/temperature/major ions
— Pumped samples from high-k regions

— Samples from cores in low-k regions

• In Situ Testing-based Profiles
— Formation hydraulic/transport propertie
— In situ stress (hydrofrac + breakouts)

• Exploring TRL of Methods
— Not exhaustively testing a site for

licensing

— Workable at 50 Mpa / 150° C / 4 km
tubing?

— Compare methods under field conditions

///AV7//

Extended
Leak-Off Test

High-permeability
/wireline packer test

and sampling
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71 CB Characterization During Drilling
• Mud logging ("'continuous)

— lon chromatograph (liquid)

— Gas chromatograph (gas)

— XRD/XRF rock flour (solids)

• Fluid sampling (each "j 30 m)
— Mud before & after circulation

— Analytes
• Drilling mud tracer (iodine, fluorescein)

• C, S, N & stable water isotopes

• Drilling mud additive

• Advance Coring 5% (1-450 m)
• Drilling parameters:

— rate, WOB, rotation speed, deviation,
drilling specific energy, etc.

//,,W)7/

Extended-11M
Leak-Off Test

High-permeability
/wireline packer test

and sampling

?j,
if* I:

0 
\.....kz,_,INTracer tests,'"

1 1\1\ M 11‘Nit ‘;‘,

,,,--711 High-permeability
packer pumping

'...1_7.test and sampling

Hydrofracture in situ,
r:stress measurement'
via wireline

kIns.-/Z L
'1‘

.v;

,11-1ydrofracture in situ
,s!ress measurement 
via work-over rig

,V,\ 4" 7 \i‘\\
1„..v
s \Cr- Low-perrr:eiability

A packer pulse test }

(SNL 2016) SAND2016-9235R



8 I 
CB Testing After Drilling

• Flowing Fluid Electrical
Conductivity (FFEC) log

• Find:
— Permeable zones
— Gaining zones
— Losing zones

• in situ packer testing focused to:
— 5 permeable zones

• Formation fluid samples collected at
surface

• Estimate hydraulic properties

— 5 low-permeability zones
• Estimate hydraulic properties

Q.

0

EC (mS/cm)

40 80 120 160

—7 Days (P1)
 433 Days (P2)

597 Days (P3)
 948 Days (P4)

2036 days (P5)
— Average Temp

25

Average Temp

50

Fractures

Sharma et al. (2016)



9 In Situ Packer-Based Testing

• In Situ Packer Testing
— New hydromechanical dipole test:
k(Ppacker)

• Hydrologic Tests
— Static formation pressure
— Permeability / compressibility / skin
— Sampling in high k intervals

• Tracer Tests 
VI narl al at be ICf I/

— Single-well injection-withdrawaler

• Hydraulic Fracturing Tests
— ch magnitude
— Estimate stress tensor via

existing fractures
Fixed

Packers
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Environmental Tracers in Samples
• Vertical Profiles

— Noble gases (h16, Ne, etc.)

— Stable water isotopes
• Oxygen; hydrogen

— Atmospheric radioisotope
tracers (e.g., 81Kr, 1291, 36a:

- 238u/234u ratios

— 87Sr/86Sr ratios

• Estimate
— Water provenance

— Flow
mechanisms/isolation

Minerals pores 4 fracture!
(evaluate the "leakiness")
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Fluid Sample Quality + Quantity will be a Focus!

Repeatability across drilling, packer & core samples?



Characterization Differences
• DBFT Effort is Different from:

— Oil/gas or mineral exploration (low perm., low porosity rocks)
— Geothermal exploration (low geothermal gradient)

— Shallow drilling/testing (high p, high a, deep,
brea kouts)

• DBFT Characterization Approach
— Not exhaustive permeability characterization (scaling)

— Seeking geochemical evidence of system isolatior

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

Demonstrate sample collection (cores + formation fluid)

• Enough samples

• Low enough contamination level

Demonstrate in situ testing at depth (3 to 5 km)
— FTB Engineering demonstration of package


