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One fi*3 is equal 1o 7.48 gallons

. (3) List three main components of the hoisting system.
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2. You are drilling a vertical well at a depth of 12,000 ft. The pore pressure at this depth
is equal to .65 psi/ft. [f you are to drill the well with an overbalance of 400 psi at 12,000
ft.

a. (3) What mud weight will you have to use?
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3. A drill bit which costs $20,000 drilled from 7,000 ft to 8,500 fi with and an average

rate of penetration (ROP) of 10 ft/hr. The connection time is 5 min per 30 i connection
the tripping time is 1hr/1000ft and the rig rate is 80,000 §/day.

a. (4} What is the $/ft for this bit run?
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PETE 4313

Handout #4

Drilling Bits - Drag Bits

Quiz#3 — Thursday, February 16
(From Quiz#1 and #2 — similar - understand the concepts!)

Homework #4 - Due February 21
Problem #1.24, WOB problem at the end of this handout

Read: ADE, ch.5 (bits)
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Contents

> The |deal Bit

» Drag Bits
= Fishtail Type
= Natural Diamond

= Polycrystalline Diamond Compact
(PDC)

> Relative Costs of Bits
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Rotary Drill Bits

The purpose of Chapter 5 (ADE) is to
introduce the student to the:

»different types of drill bits
»selection and
»operation of rotary drilling bits.

»Read: ADE, Ch.5 (bits)




Bit Types Available

» Drag bits (fixed cutter blades)
= Fishtail bit
= Natural diamond bits
= PDC Bits (Polycrystalline Diamond Compact)

» Rolling cutter bits (rock bits - with cones)
= Mill tooth bits
= Tungsten carbide bits
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Drill Bit Classification

Also called “drag
bits)

" i
\ 4 \ 4
Natural Impregnated Roller Journal

https://www.youtube.com/watch2v=4gbI0wDUjOU (3 Min)

General Tricone and PDC
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Commonly Used Bit Sizes For Running

Casing
Casing Size Coupling Size Common Bit
(OD in.) (OD in.) Sizes Used (in.)

41/2 5.0 6,613, 614
S 5.563 612,634
51/2 6.050 7 78, 8 38
6 6.625 778 83/8 g 12
6 5/8 7.390 8 112, 8 58, 8 34
7 7 656 g 58 834 912
75/8 8.500 9 778,10 %8, 11
8 5/8 9.625 11,12 A4
95/8 10.625 12 174, 14 34
10 3/4 11.750 15
13 3/8 14.375 17 12
16 17 20

20 21 24, 26
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The Ideal Bit *

. High drilling rate
. Long life

. Drill full-gauge, straight hole

. Moderate cost

* (Low cost per ft drilled)
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The Ideal Bit

“The Ideal Bit” will depend on the type
of formation to be drilled

= Hardness (soft, medium, hard)

= Abrasiveness

= Cuttings stickiness (bit balling?)
= Other considerations ... e.g. cost
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Bit Failure Mechanisms

Shear Failure Compressive Failure
- PDC cutters are used to shear = Rollercones are mainly
the rock with continuous designed to crush the rock
scraping motion = Compressive failure might
- Shear/goughing failure will also occur when using a dull PDC

occur when using aggressive
roller cone bits due to cone

offsets
ROLLER CONE BIT
PDC BIT CYCLIC COMPRESSION
CONTINUQUS

SHEARING
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Drag Bits

Drag bits drill by physically “plowing”
or “machining” cuttings from the

bottom of the hole.
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Drag Bits

Cutter may be made from:

= Steel

= Tungsten carbide

= Natural diamonds

= Polycrystalline diamonds (PDC)

Drag bits have no moving parts, so it is less likely
that junk will be left in the hole!

Ulterra Ex. 1015
Page 12 of 70



Fishtail type drag bit
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Most Common Drag Bits

Natural Diamond Bits PDC Bits
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Drag Bits

Fixed-Cutter Bit Types

Steel body
Natural diamond

__ APlpin
connection

Shank bore

Make-up face
Bevel

Bit breaker slot

inserts

Diamond
gauge pad

Solid
steel

Flank/

or taper

Interchangeable
PDC nozzles

- Blades

Interchangeable
nozzles

Hybrid diamond-
impregnated
studs

twiwhwiw = »p

0 O~amry?

POC cutters PDC cutters

Tungsten-

carbide
matrix

Shoulder

Diamond impregnated
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Natural Diamond Bits

Nose Radius
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Top view of diamond bit

(Secondary) }nwo COURSES

Control Diameters
(Total Flow Area & Coflector)

primary Fluid Courses Secondary Fluid
Courses (Callectors)

Diamond Pads
with Diamonds
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Diamond Bit - Compressive and Shear
Cutting Mechanism

« Shear/Compressive
Failure

Diamond Bit
CONTINUOUS
CRUSHING & ABRASION
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Natural diamond

« Natural Diamonds
— Size
— Shape
— Quality

Today we use most industrial “man made” diamonds
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Natural Diamonds

The size and spacing of diamonds on a
bit determine its use.

NOTE: One carat =200 mg «— precious stones
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Natural Diamonds

» 1-3 carats - wide
are used for dri
soft sand and s

y spaced diamonds
ling soft formations such as

nale

» 1/4 - 1 carat - diamonds are used for drilling
sand, shale and limestone formations of

varying (intermediate) hardness.

»1/8 - 1/4 carat - diamonds, closely spaced,

are used in hard and abrasive formations.
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Natural
Diamond

bit

HIGH-PRESSURE
AREA
(FEEDER}

Pl oW FRESSURE
AREA
([COLLECTORI

r

7

I

junk slot
cuttings
radial flow

high Ap
across face!!

COURTESY OF AMERICAN COLDSET CORPURATION

JUNK SLOTS ON A DIAMOND BIT

22
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Soft

Formation
Diamond bit

= Larger diamonds
= Fewer diamonds
= Pointed nose

COURTESY OF NL IIYCALOG

23

SOFT-FORMATION DIAMOND BIT
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Hard
Formation

lamond bi

D
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ds

1Iamon

= Smaller d

ds

Iamon

= More d

= Flatter nose

24
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Diamond Bit Matrix Body

Tungsten
Carbide
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Impregnated Diamond Bits

Impregnated bits are a PDC bit type in which diamond
cutting elements are fully imbedded within a PDC bit body
matrix :

* |Impregnated Diamond Blades
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When to Consider Using a Natural
Diamond Bit?

1. Penetration rate of rock bit < 10 ft/hr.
2. Hole diameter < 6 inches.

3. When it is important to keep the bit and
pipe in the hole.

4. When bad weather precludes making trips.
5. When starting a side-tracked hole.
6. When coring.

* 7. When a lower cost/ft would result
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Natural Diamond Bits Have Pump-Off

= Natural Diamond bit have a large pressure drop under the bit.

* Fluid flows from the center “crowfoot” to the outside of the bit “gage”.

= Because Natural Diamond bits have a small gap between the rock and the bit body.

= Bit acts like a piston

1009
PSI
X
.
PISTON AP =1000 PSI
10 IN2
L
/2009
PSI
10,000 LB
1000 PSI x 10 INZ = 10,000 LB

WOoB

28
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Natural Diamond Bit Have
Pump-Off

The pressure drop under the bit generates a
force opposite the WOB

Actual WOB is equal to
WOBactual=WOBapplied'Fpumpoff Where,

Fpumpoff= ( Pon-bottom' Poff—bottom)*Apump-off

Therefore you need to know the pump off area
of a bit

Obtained from pump-off tests
29
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Pump-Off Test Procedure

Slowly lower bit to bottom while rotating and circulating

A,.=dWOB/deltaPP

diamon_tl__}

WOB:actua=WOB applied-Apo* deltaPP

pump
pressure
‘ { oy
1600 f-m - -~ L@ prilling Ahead
ap ¢ —@P,Biton hottom,

diamonds touch bottom hole

|}
+—3) Lowering towards hottom
|}

1
5000 10000 15000 20000 WOB
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Pump-Off Modeling

(example Flowrate=869 gpm, Mud Weight = 16 ppgQ)
Pump - Off’ Area
Lo — deltaWOB (lbs) -
deltaPP(psi)

5000 :
Aw=——"———=10in"
(1600—-1100)

WOBactual=WOBapplied-Apo* deltaPP

If flowrate is to be changed you need to know apparent nozzle area

Apparent Nozde Area (using the nozze equation in field units)

: (Flowrate(GPM))* (Flowrate(GPM)) * Density(ppg).
"4,-4_-::-_5:- = 5q7 f(—"')

12031* deltaPP( psi)

(869)*(869)*(16). .
A, = ..S'c}f‘f(“)(—W) =2.0in"
- (12031*%500)

Now you can change the flowrate in the nozzle equation and calculate

the new deltaPP without having to run another pump off test!
31
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Pump-Off Modeling Usage

» If you are given the A.,and the A..you can
calculate the actual WOB if you know the
mud weight and flowrate!

» First you calculate the deltaPP from the
nozzle equation.

» The you multiply with the deltaPP with the
Apo.

» Then you subtract the pump off force from

th e WO Bapplied .
WOBactual=WOBapplied-Apo*deltaPP

32
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PD
bits

Courtesy
Smith Bits

33
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PDC Bits Applications

PDC bits are used primarily in deep and/or expensive wells
Soft-medium hard formations

Advances in metallurgy, hydraulics and cutter geometry

= Have increased cost of individual bits
= Have allowed PDC bits to drill longer and more effectively
= Allowed bits to withstand harder formations

PDC bits advantageous for high rotational speed drilling and in

deviated hole section drillings

Most effective: weak, brittle formations (sands, silty claystone,

siliceous shales)

Least effective: cemented abrasive sandstone, granites
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PDC Cutters

(1 Min)

Polished Cutters - Staysharp
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PDC IADC code

Body Total Cutter Profile
Material PDC Size Type

ZIIPCICINY Steel [ 108 | 19 |Medium

IADC Code

Linked to Formation Hardness

Ulterra Ex. 1015
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C |IADC code

IADC classification : PDC bits

A B C D
Bit body Formation type  Cutting structure Bit profile.
"M Matrix 1 |Very soft 2 |PDC, 19mm 1 |Short fishtail
- Steel 3 |PDC, 13mm 2 |Short profile
"D" Diamond 4 |PDC, 8mm 3 |Medium profile
2 [Soft 2 |PDC, 19mm 4 |Long profile
Example 3 |PDC, 13mm
M Matrix 4 |PDC, Smm
Medium 3 |Soft to mediumy 2 |PDC, 19mm
3 PDC 13mm 3 |PDC, 13mm
4 Long profile 4 |PDC, 8mm
4 |Medium 2 |PDC, 19mm
3 |PDC, 13mm
4 |PDC, 3mm
5 no code
6 |Medium hard 1 |Natural diamond
1 |TSP
3 |Combination
7 |Hard 1 |Natural diamond
1 |TsP
3 |Combination
8 |Extremely hard] 1 |Natural diamond
4 |Impregnated diamond
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PDC IADC Code “Profile”

MEDIUM

FISHTAIL
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PDC Manufacturing

PDC pressure cell.

Carbon graphite and cobalt are stacked

and pressed to 2 million psi and heated to
2700° F.

Niobium can

Diamond grit
Tungsten carbide substrate

C Substrate

Source: Bellin et al., 2010 World oil , October 2010 issue -
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PDC Steel Body (Milled)

Source: www.NOV.com

Ulterra Ex. 1015
Page 40 of 70



PDC Matrix Body

STEEL BLANK
TUNGSTEN

CARBIDE

MATRIX
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Bi-Center Bit

cuTT

DR

EFFIC

UNBE

NG 1D - . “ P ATE
B CUTTERS

" casme 1D,

STRUCTURE -
) PLACEMENT OF CUTTERS
STABILITY, DURABILITY AND " MOZZLE PLACEMENT -

NENESS DURING BOTH NOZZLES W THE REAMING SEf
 AND DIRECTIONAL DRILLING ORIENTED TO MAXKIMIZE COoLY

Courtesy Smith Bits 43
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Core
Bit

natural
iamon

44
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Relative Costs of Bits

$/Bit

Diamond WC Insert Milled
Bits Bits Tooth Bits

* Diamond bits typically cost several times as much as tri-
cone bits with tungsten carbide inserts (same bit diam.)
 ATCI bit may cost several times as much as a milled

tooth bit.
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PDC Bits

» |Increase penetration rates in oil and gas
wells

» Reduce drilling time and costs
» Cost 5-15 times more than roller cone bits
» 1.5 times faster than those 2 years earlier

» Work better in oil based muds; however,
some areas are regulated

46
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PDC Bits

» Parameters for effective use include

= weight on bit

= mud properties
= bit hydraulics
= flow rate

= rotational speed
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PDC Bit Design

blade 4

iy < Q [} N i) < Q
°© ©o & N~ ® B v 0
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Fadial Podgtion [in]

.3z
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0.00
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PDC Bits Design Evaluation
(for illustration purposes)

NB513 222mm Performance Comparison between Spiral and Non-Spiral Design in

NB513-Spiral 222mm Performance in Hard Sandstone at 120 RPM
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3.75” PDC Bit
features

Engineered from the ground up, Synergy Series PDC
drill bits incorporate the latest advances in
downhole physics, including:

Compact, single steel body

Engineered and manufactured via computerized
design and CNC milling ensures precision and
consistency

Physics-Balanced cutting model

Unique converging spiral design and non-
symmetrical

model provides maximum cut, steerability, and
durability

Gauge control & backream support

Enhanced gauge protection with optional backream
capability and protection

—t NoxLanoma y
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3.75” PDC Bit

features

Engineered from the ground up, drill bits incorporate
the latest advances in downhole physics, including:

Surface-Velocity contoured profile
Velocity and directional control of fluid across flutes
and

cutters maximizes cooling and enhances cleaning

Torque normalization

Blade and cutter torque compensation
characteristics

mitigate imbalanced loading and enhance stability

Integrated standard hex breaker
A tough, standard hex breaker incorporated directly
into the shank allows convenient orientation
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8.75” PDC Bit technical
specifications.

gauge 222 mm (8.750 in)

blade count 5

total cutters 45

cutter size 13 mm

face cutters 30

gauge cutters 10

back-up cutters 5

backream cutters optional

nozzles 7 x interchangeable

nozzle sizes 7 X NB0832 - 2032 (8/32” - 20/32”)
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8.75” PDC Bit technical

specifications.

junk slot area 111 cm? (17.25 in?)
gauge length 78.7 mm (3.10 in)
gauge protection Carbide & Diamond
make-up length 206.6 mm (8.14 in)
overall length 303.5 mm (11.95 in)
bit connection 4.500” API Regular
fishing neck 152.4 mm (6.000 in)

Courtesy of "~'NorthBasin

¥ energy services inc.
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PDC Bits —Typical Spec Sheet

<uE WORLDS g 222.25MM
MTE

GEODIAMOND IADC M123
ER: 20053

DRILL BITS

—Dnlling Application

T W78 b rreilyin By bl chimg fact it alin iy’ o buiri gy o tsd ook
Applealon rangng liom ol e medum emebors  Qosd o
i resitiornal and of e oral b

-Design Specifications
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Cuer Sioe 18me [ SET)
Faow Cuttera 2T e
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Junk Siof Acza HE
Feon Volumea [
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Longth 51 dallal
Peotection Ot i il
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Flow Futs 5w EOD
Hydraudlc Homeaoorwsi 1ia&
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—Features
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PDC Bits

> Economics

* Cost per foot drilled measures Bit
performance economics

e Bit Cost varies from 2%-5% of total cost, but
bit affects up to 60 % of total drilling
cost

« Advantage comes when
- the No. of trips is reduced, and when
- the penetration rate increases

Ulterra Ex. 1015
Page 55 of 70



PDC Bit Market Share

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0% -

Early 80's Late 80's Late 90's Late 00's Late 10's
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Grading of Worn PDC Bits

IADC DULL GRADING SYSTEM CHART

Cutting Structure B G Remarks
Inner Outer | Dull Bearing | Gauge | Other Reason
Rows Rows Charact- | Location | Seals 1/16” Charact- | Pulled
eristics eristics
7 X
/ \ INNER AREA OUTER AREA
2/3 RADIUS 1/3 RADIUS
4+3+2+1+0)=2 5+6+7) =6

5

3

The cutting structure is graded

from 0 to 8 depending on the

proportion of cutting structure

lost (0 =

Intact, 8 = 100% worn).

DEGREES OF CUTTER WEAR

Ulterra Ex. 1015
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Grading of Worn PDC Bits

Cutting Structure B G Remarks
Inner Outer | Dull Bearing | Gauge | Other Reason
Rows Rows Charact- | Location | Seals /16" Charact- | Pulled
eristics eristics
wWT X RO
'\ / —
, : BHA‘.M ttomhole
BF - Bond Failure Characteristics 3 ; .
BT - Broken Teeth/Cutters NR - Not Rerunnable IL;:[” :))O\l‘l ':h,OI(‘ l[\,k,)lmr Bl
T - ruistring ramure
EROSION BU - Balled Up OC - Off-Center Wear DST - DellS ;’T*
€A *CC - Cracked Cone PB - Pinched Bit ali= YR Spey fees
NO WORN ~ BROKEN _LOST BOND . . DTF - Downbhole Tool Failure
WEAR CUTTER CUTTER CUTTER FAILURE CD - Cone Dragged PN - PI ed Nozzle/
wn  C@en (8F) T uge ~ LOG- Runl
CI - Cone Interference Flow Passage 06 un Logs
WEAR CHARACTERISTICS: POST OR STUD CUTTERS CR - Cored R 5 RIG - Rig Repair
L R ‘ RG - Rounded Gauge Ve -9 ""‘
CT - Chipped Teeth/Cutters RO - Ring Out i Sl oy
EF } Elr():'(o" P RR - Rerunnable er - ('0.“' Point
/\/ ; = = il g SS - Self Sharpening Wear FM - Formation Change
NO WORN LOST BOND JD - Junk Damage TR - Tracki HP - Hole Problems
WEAR CUTTER CUTTER FAILURE *LC - Lost Cone ¢ = STARNE HR - H
o 0 o LN - Lost Nozzle WO - Washed Out Bit s Pl(l)lllllrl:Pr(‘\\lll'('
WEAR CHARACTERISTICS: CYLINDER CUTTERS LT - Lost Teeth/Cutters WI - Worn Teeth/Cutters PR - Penetration Rate
*Show cone number(s) under “Location”. TD - Total Depth/CSG Depth
TQ - Torque
NOTE: If no “Dull Characteristic” is visible, TW - Twist Off
mark thls”space .zyo - Ifkmh;Other Char; WC - Weather Conditions
acteristic” is visible, mark this space “No". WO - Washout Drillstring

Ulterra Ex

. 1015
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Grading of Worn PDC Bits

o g—

CT - Chipped Cutter
Less than 1/3 of cutting
element is gone

BT - Broken Cutter
More than 1/3 of cutting
element is broken to
the substrate

59
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Grading of Worn PDC Bits — cont’d

LT - Lost Cutter LN - Lost Nozzle

Bit is missing one or Bit is missing one or
more cutters more nozzles

60
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PDC Bit Cutting Action

What angle is this?

bit ga . N
il i cutting digection

|~ 0
bit rotation @

cutter
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PDC Cuttings Development

Chip development

/

cutter

rock A crack initiation

rock crack propogation

What angle is this?
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PDC Model

» Single cutter vertical force balance

W=2500 Ibs

W/A=ARS

ARS-Apparent Rock Strength (psi)

‘ A=area|(in"2)

If rock is harder what and W is constant, what happens to area? 63
Depth of cut and ROP?
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PDC Bit With 8 Cutters

Sample Calculations
ARS=Apparent Rock Strength = 10,000 psi

single Cutter Wiew Battom Bit Wiew

a=0.75
b=1.75
c=0.25
d=1.25

Back Rake? Side Rake? 64
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PDC Model

Sample Calculation

ARS-Apparent Rock Strength
WOB Vertical Direction

Wy
O = —
AB -(8)

WOB ARS=Weight/Area
) icht=ARS*Ar
W,=A4,-0-(8)=(0.105in")- (10,000 psi)-8 Weight S ea
=10501bs -8 = 8400 Ibs Area downward projection

Torque Torque —Later Direction
Tr=w,-d Wt is the force in front
—W, - [(0.25“ +1-25"). (2)+ (0-75" + 1_75"), (2)] d is the distance center to cutter

=A4,.-0-8 o
= (0.07)-(10,000)- (8) Area front projection

=5600 [bs -in =465 [bs - ft

65
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TSP Bit

TSP (Thermally Stable PDC)

Ulterra Ex. 1015
Page 66 of 70



V V.V V V V

A\

Homework #4 - Due February 21
Problem #1.24 and problem below

Cutter size is 0.75”

Depth of cut for all cutters is 0.08”

Bit is “green” and has 5 blades with 32 cutters

Cutter backrake is 20 degrees and siderake is O degrees
The rock strength is 15,000 psi

Assuming perfect cleaning, 100% contact area between cutters
and rock

Calculate the static WOB!
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Homework: Problem#2
Cutter Diameter and Depth of Cut is Different
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Homework #1.24 Solution

I will remove this in class!
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Hybrid Bit

Typical Video on New Cutter Technology
(10 Min)
Sales SPE Baker — Staycool Cutters
END
of
Handout #4
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