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Background

e . MICRO ANNULUS

Oil and Natural Gas Production in the United States.

(Derived rom Mast, et o, 198)
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More than 58,000 wells were drillec
2017

all wells show signs of leakage

Remote Precision DI’I”Ing Goal: produce methods to remotely drill and clean precise small diameter, high
aspect-ratio holes through casing and cement in downhole environments
Automated Motorized collet clamp

Conventional
spindle and chuck
arrangement
creates high risk
for drillbit buckling

* Compact, auto-indexing module for
remote, high aspect ratio, small diameter
holes

Confining spindle/
chuck concept

with internal

failure near start ""‘;’ foad « Eliminates buckling challenges to
of hole :T:“:::" theoretically drill to arbitrary depths limited
buckling risk only by drill-bit length

Rigid . - s
cutting bit * Flexible Nitinol drill bit extenders to
enable >90° bends

« Drill deep holes orthogonal to borehole

Guide
tubing

* Stiffness / buckling
challenges

* Chip clearing: rapid
drilling deterioration
when flutes packed

.~ FLUTE PACK-OFF

Depth in)

Defect Detection and Integrity Characterization Goal: Characterize system response to changes due to leaks

Sensor Temperature: Defoct Location Swoep.

Surface: Temperature ()

X: Sensor Location
° “m t
OwmcebomComr ) 3 S Date

Future work: Plot thermal results for several
COMSOL: 2D Steady State Thermal Analysis of different sensor and defect combinations, correlate
323.15 K Leaks (ambient 293.15 K, 1 atm) defect/sensor distance and sensor reading

Materials
: Shale

: Steel Casing
: Defect (Water, 32315K) 2700

Change defect locations to create
thermal map for each sensor location

Proposed Test Bed
With Designed Defects

Slgnal Processmg and Sensor Emplacement for Long-term Monitoring

Foro and Ko Conpacn Same Sanwle
S s ‘Shale Only Force Comparisons, 1800 RPM, 45 inimin
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% SN (- w* Nonhomogeneous compositign m Mancos shale sample
TK = —m————— causing unexpected force variability from sample to
- 542
H . . (7 25, (i — %) sample
Sandla | Temporal kurtosis showing rapid changes in force data
Natlonal O = ) T T which is hypothesized to correspond to the drill
Unique force signature observed transition between materials in real time
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