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Mechanical Specific Energy
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Commonly defined as the amount of energy required to destroy
a unit volume of rock

Pioneered by Teale in 1964 -but mostly used by bit vendors
Popularized as an efficiency index in 2005

Efficient drilling: MSE = 3-4x CCS or UCS
Changes in MSE can be due to:

Change in formation

Downhole Vibration

Bit Wear WOB | 120« RPM « TOB

Bit Balling MSE = AB I AB « ROP



Mechanical Specific Energy

WOB\ 120w« RPM = TOB

MSE =
Ap Ag * ROP
Can be neglected
MSE = 2*xTOB
~ RZxDOC

WOB= Weight On Bit
Az = Bit Area

RPM = Rotation Soeed
TOB = Torque On Bit
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leale’s Equation
Detournay’s Equation

ROP = Rate of Penetration
DOC = Deopth of Cut
R = Bit Radlus



Drilling Strength

Drilling Strength
> Detournay’s Equation

MSE

- WOB
~ RxDOC

DS
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MSE/DS Ratio @0

« Combining MSE and DS gives a new
index to analyze drilling dysfunction

«  MBSE - Analysis of torque contribution
to efficiency MSE | DS |MSEDS| Dysfunction

« DS - Analysis of weight contribution to qa & N

efficiency =) = o) --
Method for detecting a drilling malfunction
« Patent o 015086777 a1 _=

« Using MSE/DS ratio provides
additional information

b DR T ¢
%A N NP

« Makes it possible to determine the
type of dysfunction occurring
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Data Collection and Processing

MSE Rotating vs Sliding
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« Sliding and rotating data separated out

« Only rotating data useo
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Notes on Torque @0

« Measured (sensor) TOB most accurate for MSE
« Downhole TOB can also be derived via:

« Differential pressure from mud motor

« Diff pressure is directly related to the torque output by the
motor and a good indicator of DH TOB

« Torque and drag analysis

« Analysis of torque and drag can provide the torque
contribution from the string

« Removing the string torque from the surface torque leaves us
with only DH TOB
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Torque source comparison

Specific Energy {psi)

MSE Calculated from Different TOB Sources
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Data Density

MSE Caleulated Using Different Data Densities

100,000 -
gn,nnn—f
au,uuu—f
?D,nnn—f
an,nnn—f
SIZI,DIIIEI-E _

40,000 -

Specific Energy {(psi)

30,000 -

20,000 -

10,000 -

0

13,780 13,785 13,790 13,795 13,600 13,805 13,810 13,815 13,820 13,825 13,830

MD (ft)

| 1t —2ft — 31t — 5/t — 10ft |

« Data density changes how MSE is viewed and perceived

« A minimum of one point per 2-3ft is recommended for a thorough analysis
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Case Study

« Typical Eagle Ford well

« 95/8" casing shoe at -2,000ft

« 8 %" 6,000ft loteral section

e 6 %" mud motor w/ 2° bend

« Curve and lateral drilled in two runs

« Laoteral geosteered using gamma ray
0QS

« Formation considered homogenous
« PDC Bit: 5 blades, 13mm cutters
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Results

MSE and MSE/DS 3ft Interval - Rotating Data Only
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Significant dysfunction in a few places, MSE spikes and frequently changing ratio.

Efficient, steady state drilling with low to no dysfunction.
Ratio constant around 0.5
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Results

Dysfunction

« Pump Problems
« Bit Wear
« Vibration

Three main observations: mu
aqd A

’ 4 Vibration

A A N[ Wer

MSE and MSE/DS 3ft Interval - Rotating Data Only
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Bit Wear
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MSE/ .
e o %2 s

Jd 4 A Vibration
A A M . Wear

« MSE increasing
« Ratio decreasing
 Indicates bit wear

« BHA was pulled for a bit
change



Results

Vibration detected at 12,000ft, 14,000ft and 14,200ft.

MSE and MSE DS 3ft Interval - Rotating Data Only

200,000 -
190,000 -
180,000 -

- Bit Wear

. -Vibration

-Pump Problems

5 140,000 -
£ 130,000 -
120,000 -
110,000 -
100,000 -

Specific Energy

M|

— MSE — MSEDS

il

g P

13,000 13,500

Wow 11

oot

12,000

14,000

B T e I s e I T I S Lty

11,500 12,500 14,500 15,000 15,500

16 000

16 March, 2018

LAl B Al i AU A e B A e S A ie BB Ak L AL A Ae B AL AL e B AL A e B AL A A BLAL AL AN B AL e B AL AL AN B AL AL A S A s

a &

an o o0 N~
wn

an

s
(3]

N N W oW S

o r K
(4]

MSE

0

n

0

0

n

(nu) oney

Dysfunction

‘ " Vibration
& & & e



Vibrations
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Root cause analysis
showed stick-slip
presence

Modeled and confirmed
using software

MSE/ .
e o % o

A A A Vibration
A A & | Wear




Vibrations - Stick Slip

Stick Slip @14,445ft
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Results

Lateral continues to be drilled efficiently until the end

MSE and MSE/DS 3ft Interval - Rotating Data Only
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Conclusion @9

MSE analysis: well known drilling efficiency indicator

MSE combined with Drilling Strength: detection of
dysfunction possible (new method):.

o Bit Wear

o Vibration
« Data Quality & Processing is key
« Estimation of TOB necessary

« Case Study has shown that dysfunctions can be avoided
with proper MSE monitoring while drilling

19
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Thank you

http://www.drillscan.com

Contact : contact-usa@drillscan.com
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