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Measurement While Drilling (MWD)

Application of continuous and real-time monitoring and recording of drilling data during the drilling process

Drilling Parameters
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Drilling Parameters

Drilling Parameters Categories:

- Imposed by drilling method:
Tool type and diameter, performance limits of machine, injection system and fluid type.

- Machine parameters controlled by operator:
Thrust on drilling tool, rotation rate, drilling fluid flow rate.

- Machine parameters from ground response:
Advance rate, torque, fluid injection pressure, drilling fluid return rate, holdback pressure.

- Non-controlled parameters:
Tool wear, changes in drilling fluid composition.

DEZFEE OF TOOTH CULLMESS

m

(Benoit, 2024)




Compound Parameters

Penetration resistance Exponent method

- Combine individual drilling parameters

into expressions of energy or empirical log(%)
indices Rp =(t).-02m = #
log (5-)
- Reflecjc the resistance of the geologic Soil-rock resistance Drillability strength
material to drilling Py 64NT?2
Rou =7y = Gub®)

Normalizing effect — less dependent on
conditions imposed by the driller, the

drill rig, and the drilling tools

Allows site-specific or material-specific

expressions to be developed
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Drilling Method Differences

Penetration Resistance Somerton Index Normalized Energy
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Bit-Type Differences

Penetration Resistance

Somerton Index Normalized Energy bicone roller bit
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Notes from the 2024 MWGC during ADSC Discussion

“Our old friend, RQD...”

* RQD is not a great measure for drilled shaft design and
constructability

Regarding drilled shaft construction...
« Groundwater — especially artesian conditions — is problematic
* Discerning rock & rock elevation can be problematic

- ldentifying boulders and discerning them from bedrock can be
problematic

* “Driller’'s Notes” are helpful...but we can do better!

e oo ...

xacrol Highway Adminghalion
U.S. Department of Transportation o} RESOUR(I:E FFNTER

9 Office of Innovation Implementation fo) o ) Ofcestimnaton mpinenson

Federal Highway Administration



Characterization from MWD

Continuous information

Fresh Rock: u < 5 ft/min; WI > 7

Wea. Rock: u ~ 8-10 ft/min; WI ~ 3-5
Soil/void: u > 10 ft/min; Wi < 3

Example MWD Data from Rotary-Percussive Drilling
0 5 10 15 20 25

- Changes in strata (soil) and

lithology (rock)

* Drilling and penetration resistance
(production, correlation)

« Condition and properties

» Hardness, fracture-frequency, relative
weathering, strength

- Anomalies (voids and boulders)

 Verification of conditions and
ground improvements (grouting)

Office of Innovation Implementation
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MWD Data New
Hampshire Soil

Identification of
Boulders and
Cobbles

Source: Jean Benoit, University of New

Hampshire

Legend:
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Cored borehole: comparison with geophysical and geological logs
Courtesy of Jean Benoit, from TRB 2022

o

o

Fractures at 9o.1, 103 and 104.5 ft: : R .
* Penetration rate increases (up to 50%) : ‘ """""""""-J‘"
* Water pressure decreased

* Specific energy and Hard parameter decreased

Lithology Optical Acoustic Caliper Penetration Torque Water Exponent Hard Specific
Televiewer Televiewer log rate (psi) pressure method parameter energy . .
(in) (ftrhr) (psi) x10%) (in-bin3)
x103)
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6-inch triple core barrel
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MWD in Geotechnical Site Characterization

Interest in correlations to ...

* UCS in weathered to hard rock

« SPT

e Shear-strength

* Material types

* Relative Density

* Stiffness/Compressibility

* Erodibility of materials for Scour Assessments

Source: MDT



Drilling Parameters

Torque Measurements

Hydraulic pressure
measurements (must
document gear used for
actual torque values)

Wireless strain-gauge torque
sensors directly above the
drill string (some sensors
also measure crowd and
rotation rate)

Instrumented drive shaft

Torque
sensor

(

)33
i3

Benoit, 2024)

i Ji:.!




Optimized Drilling Disturbed Drilling

Proper indentation and cutting — optimized ¢ Overcrowding the bit — Increased torque 0 pti m ized
penetration per rotation * Inefficient flushing = accumulation of drilled ‘ ) _ S
Efficient removal of drilled debris — Larger debris — smaller soil/rock particles removed e )] .
soil/rock particles removed —» minimal energy * Increased frictional resistance — High energy B : .
Minimal disturbance to soil/rock prior to strength * Increased bit wear and drill rig wear :.
assessment — Optimized core REC and quality * Disturbed soil/rock prior to strength assessment

In situ strength assessment viable via MWD * Insitu strength assessment NOT viable via MWD

Slide and images from Mike Rodgers, University of Florida,
presented at IFCEE 2024




MWD and Drilling Efficiency

* In rock coring three possible phases of
operation exist: Drilling within the

* Phase 1 — Inefficient operational limits
* Phase 2 — Optimized
* Phase 3 — Destructive

* Use of Phase 2 allows collection of higher
quality core and reduced bit wear

* |dentification of the Operational Limits for a
drilling tool allows the driller to remain in
Phase 2

- Limitations on torque and crowd for a constant
penetration rate and rotational speed

Drilling outside the
operational limits
(Phase 3)
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Correlations with Rock Strength
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MWD Compared to Conventional Methods
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MWD in the Future

» Machine learning to predict 6
unconfined compressive
strength and SPT N-value

Predicted Qu (tsf)
w
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Drilled Shaft QA/QC

 Correlate specific energy calculated using MWD with measured
resistance from load tests

®TestShat A ®TestShaft B @ Test Shaft C
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(McVay and Rodgers 2020)

Load Test Mobilized Side Shear, f, (ksf)

0 2.000 4,000 6.000 8.000 10,000 12.000 14,000
Average Specific Energy per Mobilized Shaft Segment, e (psi)
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MWD in Geotechnical Site Characterization

Differences Between European and U.S. Practice:

European Practice U.S. Practice
* Fully hydraulic rigs * Both hydraulic & mechanical rigs
* Rotary and rotary-percussive methods used * Hollow-stem auger (and shallow solid-stem) also

common
e Torque and crowd measured from pressure

transducers * Torque and crowd on mechanical rigs require

« MWD predominantly used to distinguish strain-gauges

materials, voids and boundaries * Much interest in engineering correlation, as well
(higher accuracy from strain-gauge measures allow
for this)



LISTENING TO SHOW US THE STRNDARDIZATION - A STEP BRERKING GROUND
THE RIG DATR! IN THE RIGHT DIRECTION WITH SMART DRILLING

THE DIGITAL
DRILL RI@

2%:1. T N ‘:Jl’h %5 r'-! 8 @&



MWD Users Group

Forum for interaction among MWD users

Joint industry group in cooperation with
- State DOTs

« FHWA Q‘\v'*""’”e@
- ASCE G-I $ )
SDH:
- TRB hd-

Hosted by Deep Foundations Institute

Presentations from users and
manufacturers, discussions

Started in October 2021, 50-90
attendees per session

ALL ARE WELCOME TO JOIN!

Geo-Industry Technology Users Groups
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