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534620 ADVANCED DRILLING ENGINEERING

4(4-0-8) @ 1/2557, 2014
Course Contents

How to Get Drilling Permission (2hrs.) Asso. Prof. KK
Introduction to Rotary Drilling (4 hrs.) Asso. Prof. KK
Well Planning and Proposal (4 hrs.) Asso. Prof. KK
Cost Estimation and Control (4 hrs.) Asso. Prof. KK
Hole Problems.(3 hrs.) Asso. Prof. KK
Drilling Fluids (5 hrs.) Asso. Prof. KK
Factors Affecting Rate of Penetration (4 hrs.) Asso. Prof. KK
Pressure Control (4 hrs.) Dr. Akkaphun .
. Pore Pressure and Pressure Gradient (4 hrs.) Dr. Akkaphun
10 Blowout Control Procedure and Equipment (4 hrs.) Dr. Akkaphun
11. Directional and Slimhole Drilling (4 hrs.) Dr. Akkaphun
12. Rotary Bit Design (2 hrs.) Dr. Akkaphun
13. New Technology Drilling (6 hrs.) Dr. Akkaphun

Grading
Homework I= 15%, Quiz I =10 %,Mid - term =25% Asso. Prof. KK
Homework II= 20%, Final Exam=30% Dr. Akkaphun
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Homework I= 15%, Quiz [ =10 %,Mid - term =25% Asso. Prof. KK
Homework II= 20%, Final Exam=30% Dr. Akkaphun
TEXTS
1. Lecture note and Document on “Pétroleum Drilling
Technology” by Assoc. Prof. Kriangkrai Trisarm
2. Adam T. Bourgoune Jr., Heith K. Millheim, Martin E. Chenevert, and
F.S. Young Jr. “Applied Drilling Engineering”@1986, Society of
Petroleum Engineers, Richarson, TX, USA.
2.CARL GATLIN,: DRILLING AND WELL COMPLETION@1960,
PRENTIC-HALL, INC., ENGLEWOOD, N.J.
REFFERENCE
1. Neal J] Adams, Tommie Charrier, Research Associate. “ Drilling Engineering A
Complete Well Planning Approach™@1985, Penn Well Publishing Company, Tulsa,
Oklahoma, U.S.A.
3. J-P.NGUYEN, DRILLING-OIL AND GAS FIELD DEVELOPMENT
TECHNIQUES@1996, 27 RUE GINOUX 75737 PARIS.
4. SCHLINGAREON & P. VORABUTH : DRILLING AND DRILLING FLUIDS.
5. Preston L. Moore “ DRILLING PRACTICE MANUAL”@ 1974 Penn Well
Publishing Company, Tulsa, Oklahoma, U.S.A.
6. BAROID MUD TECHNOLOGY HANDBOOK
7. API SPECIFICATIONS, CODES
8. Short, J.A.,1993 , Introduction to Directional and Horizontal Drilling, Penn Well
Books, Tulsa, Oklahoma USA. 232p
9. Steve Devereux “Practical Well Planning and Drilling Manual”@ 1998Penn Well

Publishing Company, Tulsa, Oklahoma, U.S.A.
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Well Planning and Proposal (2 hrs.) Asso. Prof. KK

Cost Estimation and Control (4 hrs.) Asso. Prof. KK

Hole Problems.(4 hrs.) Asso. Prof. KK

Drilling Fluids (4 hrs.) Asso. Prof. KK

Factors Affecting Rate of Penetration (4 hrs.) Asso. Prof. KK
Pressure Control (4 hrs.) Dr. Akkaphun

Pore Pressure and Pressure Gradient (4 hrs.) Dr. Akkaphun

10 Blowout Control Procedure and Equipment (4 hrs.) Dr. Akkaphun
11. Directional and Slimhole Drilling (4 hrs.) Dr. Akkaphun
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HOW TO GET DRILLING

PERMISSION

1.
2.
e

-

Get Concessions

Explore to find prospects
Exploration Well Proposal,
Drilling Program.

Land Permission.

EIA approval
Drilling Permission from DMF

Getting the Well Drilled

1. The Lease Purchases
2. Capital to Drill the Well
3. Sources of Prospects
Maintain Staff or Sub-Contract

4. Full-Interest Well
5.Joint-Operating Agreements
6. Cash Contribution

Reduced-Acreage
7.Farmouts(Farmor-Farmee)
8.Carried Interest; an arrangement interest of

Co-owners
9.Land and Working Permit, EIA,Well
Proposal, and Well Program
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Origin of Petroleum
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Petroleum System 5 '
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*» Most oil and gas starts life as microscopic plants and animals
that live in the ocean.

4/28/2015



4/28/2015

Kerogen Types
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Figure 1.17 Kerogen types, Origin , and Organic Constiuents
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Hydrocarbon Maturation

1. Strmctaral Traps : thoss traps formed by deformation of the earth’s crust by cither faulting or folding.
2.Stratigraphic Traps : those formed by changes in lithology, gencrally & disappearance on containing bed or porosity zone,
3.Combination Traps: traps having both structural and stratigraphic features.

Generation, Migration, and
Trapping of Hydrocarbons

2.2 Oil Industry Functions B
. EXPLORATION
* Oil Industry can be grouped
into Upstream and Downstream . UPSIREAM == m!wmn
*The Upstream function will nTun;m
include: PRODUCTION
1.Exploration - T
2.Development Drilling and [~ crue o
Production. AND
*The Downstream function will STORR0E
include: |
*3 Transportation and Storage. REFRNG
«4. Refining and Petrochemical. " m
*5. Product Distribution and T
Marketing. PRODUCT
DISTRIBUTION
AND
|| o
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Introduction " Distribution of fiscal regimes

< Petroleum arrangement is the legal iool for oil
company to explore for, and exploit of petroleum.
< Parties: the host country(HC) and oi company(CC)
< 3 basic types
~ Concession
» Production Sharing Contract (PSC)
» Service Contract (SC)

< However, variations of these 3 types are commonly - ;...; s
seen nowadays. ’ : [ = —
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Types Concession

Concession === % Agrant of exclusive
. right to explore for and

develop petroleum
under given area for a
specific period of time
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= Types of Pefroleum Fiscal Regimes
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§ Concessionaire
% has fille to production.
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,)“:"F,J Sty Curvent Petroleuns Concessions
Al

*+Cost recovery

“»Production Split

production is shared between HC and OC as

» Profit oil is subject to taxation.

» PSC allows OCto recover its costs and expenses
from the production, referred to as “Cost Oil”.

» After the deduction of cost oil, the remaining

agreed in the contract, referred to as “ Profit Oil”.

1’: S;_._.‘ 0 ;:;«» v ;{.ﬂ
R S O T — —
B v i : ST RN T
Types PSC MTIJA’s PSC
< PSC was originally Royalty Y .Cost Recovery
created in 1960's in o s
Indonesia.
«» Like concession, OC Fiscal Profit Share
~ Production operates at sole risk Jncomn Tk ) L Qe
’ m = first = 50:50
i and expense. o i B
+*But....Ownership of i g
production remains o
with HC.
Research cess 05%
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Right of the company | -exclusive right to explore for —qﬁhnﬂ-&ﬁrd -right 1o be the cxclusiy
Types padece e peovider o e
~acquire ownership of ahﬁ'nhnfh exploration and
petroleom dﬂc“m production services
it todi I some cass igh o
++0C provides capital bt Say pesensge o o i g b e
investment, Bl sangr il L
technology, and Ty of e compy | ity et X — —
. However, in the modern e the i
equ'pments' —:—':nnu—\-'e PSC’s terms. ° the contract’s terms
N X is obligated to conduct an
+» Ownership of exploration and development
- - according o 3 work program
production remains and budget stipulated by bost
e state.
with HC. T B -Oil Company 0t Company -Gl Compamy (Risk
Service Contract . . service contract)
#*In return, OC receives T [raan
the service fee. Capiaal(incl. Gilctoy -0 Compeny -0l Company
‘equipment,
| technology) Provider
ion Ownership | -Ce ¢ -Host State s -Host Stte
( o .‘-fu..
&vr‘"w"ﬁ mm!.m Lt Tr Point of Wi e point -
Production
7 co ‘ Asset (equipment and | ~Oil company -Host state. ~Host state
4 imstallations) (However, when the
: Ownership concession expires they may
‘be transferred, at no cost, 1o
host state, upon request of
host state.)
[} Power of Control -Oil company ~Host state -Host State
] of Operatic th and Oil company
i . . . ) ) N ion is designed 1o the terms of
j %+ OC is paid only if : : < OC is paid for ; e s comideie dogrs | e comct)
: the commercial discovery § ) service rendered, 1 Govemment Take “Royalty Royalty(ifany) Al Production
! s 1 “Tax ~Gowt. share of Profit oil
I is declared. : : ;‘:‘ dependlngf ;’: i . g sigmturebonas | ~Tax
. ~etc.
X 1 18 Success IC I\ Company Take ATl Production ~Cost ofl and company share | - Servise Fee
4 i discovery. : of Profit oil
\ I
] between Thai [ and Thei IIL, it can be sliding scale system in which royalty e fig
; \ 1 N muumuhwu so- % o 15% h.-ﬁom it ::— F
) ] 1 called marginal petroleum ficlds, the small fields with concessionaires 1o expedite their exploration af
§ ’ higher investment costs, which previously had been development with shorter duration of exploration
) O — L | classified as uneconomic. This reflects in the production periods, as well as limited mumber of arc
SRS S S ey e S S B SO T patter of royahty from the fixed rate of 12.5% to granted. Purthermore, Thai 11T regime also itroduc)
B
< i of Peix
y By

“+Possibility of SC in
Thailand?

¥ Some concessions are
going to be expired.

v Mature fields, with
some potential left

v Fully-equipped facilities
and access to existing
infrastructures

OIL AND GAS LEASES

1. The Landowner’s (Lessor) Interest

eProperty Lease

eRoyalty (Interest)~ 1/8

2. Lessee Interest

e Working Interest~ 7/8

3. Overriding Royalty; Sub-Lease
e Overriding Royalty; Interest~ 1/16 of

7/8
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Getting the Well Drilled

1. The Lease Purchases
2. Capital to Drill the Well
3. Sources of Prospects
Maintain Staff or Sub-Contract
4. Full-Interest Well
5.Joint-Operating Agreements
6. Cash Contribution
Reduced-Acreage
7.Farmouts(Farmor-Farmee)
8.Carried Interest; an arrangement interest
of Co-owners

1. ACQUISITION

2. AREA OF CONTRACT OR CONCESSION
3. EXPLORATION PERMIT TERM 7
4. PRODUCTION PERMIT TERM -

5. WORK COMMITMENTS

6. LAND RELINQUISHMENT

7. NATIONAL GOODS AND SERVICES

HOW TO GET A CONCESSION in
THAILAND

Suranaree University of Technology

By Kriangkrai Trisarn

THAILAND III PETROLEUM ACTS

1. EXPLORATION PERIOD 6 YEARS
2. PRODUCTION PERIOD 20 YEARS
3. ROYALTY 5-15%

4. INCOME TAX 50%
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GEOLOGICAL EXPLORATION

1. SOURCE ROCK POTENTIAL

2. RESERVOIR ROCK POTENTIAL

3. TRAP POTENTIAL

4. SEDIMENT BASIN ANALYSIS

thus
the oil from escaping. In other cases, the fault
itself can be a very effective trap.

Geological

In this type of frap salt moves up through

the Earth, punching through and bending rock
along the way.

Oil can come to rest right up against the salt,
which makes salt an effective trap rock.

~The source rock s the place where, miltions of years ago, tiny sea plants and animals lived, died, and

Pr Source rock source of thy Shale is a comman source rock.
~The reservair rock is a layer of rock, ly or Thegas
migrates into the pores of the reservoir rock.

The seal is a dome-shaped layer of rock, often made of granite, above the reservoir rock

that trap the gas and keeps it from moving upward. The seal is also called a cap rock.

Structural Traps
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Data Acquisition

Surface Inspection

Geologic Evaluation

Satellite Imagery
Gravity - Magnetic
Interpretation
Seismic Prospecting

PETROLEUM EXPLORATION

1. GEOLOGICAL EXPLORATION

2. GEOPHYSICAL EXPLORATION

3. DRILLING

Geologist- studies the Earth-its history,
structure, composition, life forms and the
processes that continue to change it.

Geophysicist- studies the physics of the Earth,
especially its electrical, gravitational and
magnetic fields and propagation of elastic
(seismic) waves within it.

The subsurface maps are typicaily in basic form as; Stractural maps, and
Cross section maps.
The data for subsurface maps are obtained from a number of sources such as:

Well logs: such as Mud logs, Drilling logs, Electric logs, Radioactivity logs , et.
(1)Core drilling and analysis.
(2)Strata test.
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oo o HOW TO GET DRILLING
T PERMISSION

Fnebacder g 2 Tt 811

e 1. Get Concessions
- 2. Explore to find prospects

3. Exploration Well Proposal,
Drilling Program.

= = = 4. Land Permission.
= & = 5. EIA approval
e et S s e 6. Drilling Permission from DMF
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GEOPHYSICAL EXPLORATION AEROMAGNETIC EXPLORATION
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GEOPHYSICAL EXPLORATION
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« IDENTIFY PETROLEUM RESERVOIR . aigll
« RESERVOIR BOUNDARY P
« PETROLEUM VOLUMETRIC ESTIMATION - i -

« BASIN STRUCTURE & SHAPE <3 ‘
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U5 IDTHINMNIHEN GEOPHYSICAL EXPLORATION
AEROMAGNETIC EXPLORAT!ON
I 1.GRAVITY SURVEY
2.MAGNETIC SURVEY

3. SEISMIC SURVEY
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where F = attractive force
o F - mlml .2 = masses of particles i question
Geo_phys|ca| =y— ¢ distance betwoon perticle
2 = gravitational constant (6.67 x 10* in gas
unit)
Tthe denser rdeks are closer to the surface cause a higher gravitational force in their vicinity. Such an area, when
mapped, shovis a gravity high(or anomaly) indicat ible structure,
-
-]
2
Seismic method
Figure 2.9 ia il of gravity effect aver a buried
anticline. 8 = apecific gravity of various rocks. From Stommel,*
courtesy Calorado School of Mines.

GEOPHYSICAL EXPLORATION Gravity

* The oil bearing rocks are

1. IDENTIFY PETROLEUM RESERVOIR generally Sedimentry
rocks. They exert less

gravitational force than the

2. RESERVOIR BOUNDARY surrounding rocks. The

profiling of gravitational

——\/‘\\
3. PETROLEUM VOLUMETRIC field can be done to - \
Q'éi -éi éi é

ESTIMATION determine the oil
formation

4. BASIN STRUCTURE & SHAPE
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EROMAGNETIC EXPLORATION

AEROMAGNETIC EXPLORATION

Magnetic

* Magnetic method involves magnetic
profiling since the sedimentary rocks
are non magnetic. The Igneous and
Metamorphic rocks are magnetic

In this, a plane or helicopter flies over the
rock with a small instrument, called a
magnetometer hanging from the aircraft.
These tests help to locate traps or

rock structures that may contain oil and gas

2D Survey 3D Survey

Seismic surveys are conducted both on land and sea.

Land surveys require crews to deploy geophones necessary to
record the data.

The seismic source is either dynamite, or vibrations created by
vibroseis trucks.

For sea seismic survey, air gun is used as a source and geophones a

\Are called hydrophones
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Seismic Traces — A Snapshot \ { !EEE!!&

i, st e PN

3D model of data acquisiti z -
Prospecting

a bird’s eye view

In 3D survey, the source and the receivers are placed
in a grid-like manner. It is used for characterizing and
modeling reservoirs, for planning and executing
enhanced oil-recovering strategies.

Seismic Interpretatior §

Seismic Traditional
Method

Interpretation

=7

Computer
Assister
Exnioration (CAEX}

2D imaging 3D imaging

4D imaging
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3 D Imaging

Though expensive, 3D imaging is
more successful as it

— Gives a more accurate picture of
location of reservoir.

— Allows for the more accurate
placement of wells to be drilled
increasing their productivity

— Can increase the recovery rate of
productive wells to 40-50 percent, as
opposed to 25-30 percent with traditional 2-
D exploration techniques
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4 D Imaging

«Changes in structures and properties of underground formations are
observed over time.

*Fourth dimension in 4-D imaging is time, it is also referred to as 4-D
'time lapse' imaging.

*Through studying how seismic images change over time, geologists
can gain a better understanding of many properties of the rock,
including underground fluid flow, viscosity, temperature and
saturation.

+Using 4-D imaging on a reservoir can increase recovery rates above
what can be achieved using 2-D or 3-D imaging.

« Decision Making
—-Yes, there is oil
—No, Slim Chances

» Prospect Proposal

—OK! there is a "prospect" But
whether there really are
hydrocarbons trapped in the
rock

Stratigraphy

Stratigraphy involves establishing ~
correlations between wells, matching
fossils, strata, electrical and radioactivity
data to determine the origin,
composition, distribution, and succession
of rock strata

- Sample logs - Strata, rock hardness

- Driller’s logs - Lithological sequences

- Radioactive logs - Origin and composition
- Electrical logs - Origin and composition

- Acoustic logs - Porosity of a formation

Drilling

For Qil

— Results are
aggregated and
studied

- Geologists,
geophysicists,
petroleum
architects, together
with drilling,
production and
reservoir engineers
supply data to
economists and
financial planners
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Drill Site Determination

Drill Site Determination
Wild Cat Drilling

Well Logging

Core Sampling
Prospect Confirmation

Economic Feasibility

e The site of the drill rig is
determined based on'the
existing state of knowledge
of underground conditions
and the topography of the
terrain.

¢ This is generally sited
vertically above the thickest
Part of the stratum thought
o contain hydrocarbons:

Figure 2.13 Phase 11l Exploration Well, ~ Phase IV Development
Figure 2.14 Phase V Production

Figure 2.15 Field Development Schedule
Fhase L5

Exploration Welbs

4

LEEREREIE

Wild Cat Drilling

Drill Site Determination

Drilling
“Wild Cat

Well Logging
Core Sampling
Prospect Confirmation

Economic Feasibility

To find out whether there really are
hydrocarbons trapped in the rock, team
decides to drill down to that zone.

In first-time drilling little if anything
about the subsurface %eology is known
with certainty, especially the pressure
regime.

This higher degree of uncertainty
necessitates that the drilling crews be
appropriately skilled to deal with
untI:Iertainty like sudden kick from the
well.

SEISMIC EXPLORATION

Exploration&: Production Phases: consist of;
Phase |. Surface Mapping and Reconnaissance Geophysics
Phase 1] Seismic Survey and Results
Phase 11 ation Well
“These phases will cost 10-20 % of the total E & P cost
Development Phase: this phase will cost 40-60%
Phase V_ Production Phase will cost about 20-50 %

Phase VI

Surface and

Figure 2.11 Phase | Surface Mapping and Reconnaissance Geophysics

Marine Seismic Method

Phase I

Figure 2.12 Phase 11 Seismic Survey and Results

Phaxe 11

K froxm Pr y Sei Survey]

SEISMIC EXPLORATION
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SEISMIC EXPLORATION

SEISMIC EXPLORATION

SEISMIC EXPLORATION

SEISMIC EXPLORATION

SEISMIC EXPLORATION

DRILLING RIG
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SEISMIC EXPLORATION

SEISMIC EXPLORATION
|

SEISMIC EXPLORATION

SEISMIC EXPLORATION

SEISMIC EXPLORATION
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i oo 1938 20 % 1335
St wding 1508 Ferseds giame 1433500
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Figure 5 Bass — West 3D seismic section through w3
and struciugal clements.

N1
T 2398 ez ger
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Deep Voleanics horizans.

it DATA PROCESSING TECHNIQUES

DEGEVONE L NS
ALFLELTON POINTS -~

1. FILTER
2. COMMON DEPTH POINT

3. CONVOLUTION
4.DECONVOLUTION

5. ADJUST VELOCITY PROFILE
6. MIGRATION
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HOW TO GET DRILLING

PERMISSION

|
2.
.

o

Get Concessions

Explore to find prospects
Exploration Well Proposal,
Drilling Program.

Land Permission.

EIA approval
Drilling Permission from DMF

THANK YOU

Getting the Well Drilled

1. The Lease Purchases
2. Capital to Drill the Well
3. Sources of Prospects
Maintain Staff or Sub-Contract
4. Full-Interest Well
5.Joint-Operating Agreements
6. Cash Contribution
Reduced-Acreage
7. Farmouts(Farmor-Farmee)
8.Carried Interest; an arrangement interest of
Co-owners
9.Land and Working Permit, EIA, Well
Proposal, and Well Program

HW no.1: Due date;

Friday 25 July 2014

1. HOW TO GET A CONCESSION

2. HOW TO GET DRILLING

PERMISSION




ADVANCED DRILLING

ENGINEERING2014
CHAPTER 2. ROTARY DRILLING

CHAPTER Il ROTARY DRILLING

1. Rotary Drilling History

2. Rig types

3. Rotary Drilling Rig &

Accessories.

4. Derrick Load and Horse Power.

5. hoisting System & Rotating
Components

6. Mud System

7. Drill Pipe and Components

8. Bits
9. Fishing Tool

4/28/2015



DRILLING HISTORY

= 2500 years ago, wells had been drilled in
China, Persia, Egypt and Europe by
PERCUSSION DRILLING

—in 1844, First ROTARY DRILLING were
issued by Rebert Beart in England by using
water as the drilling fluid.

=sin 1860, Leschot, Freuch eagineer applied
diamaond bits to drill kard rock in Swiss Alps
tunned construction

= [850"s ,Cadlin issued a rolling cutter bits in
US.A

=in 1866, Sweeney issued hand-power rotary
drilfing in US.A
=in 1887, Chapumau covered the use of clay,
bran, grain, cement and similar material to be
used as drilling fluid in U.S.A

~sBeginuing of 20 century, Auntouy Lucas

showed the whole world how effective ROTARY

DRILLING was with the discaver of Spindeltop
field in Tesas.

.Dn||15 Aud HisTory

- LO'!D e

hinsae, wsd sfer v 23
< :::L ® Sogtn‘“\l \”OC](S
& qu\ove.'“* C‘*'“‘S‘

— Q.. Mﬂ - Coff Au‘“wy

Tn Texar Lucas

~ael.|qel-aat - Figh Oe Jm*

b‘ﬁ\d Al
. - F\*‘* ' Dﬂ“'ﬁ
—na Stewd -7 O
" conteied Dellin IV Wopd

Oil History — A chronology

« Qil was first discovered in ancient times, and asphalt was used to caulk the

seams of ships

+ 1814 First oil well in Caldwell, Ohio discovered oil instead of salt water;

Darn! (:-((

www.aoghs.org

* 1829 Oil discovered in Burkesville KY; 50,000 bbls total; they wanted salt

water - Why? Hmt food
http://; fohb ican%200il.pdf

¢ 1850 Samuel Kerr distilled oil shale to produce oil

* 1857 E. L. Drake hired to drill for industrial oil in Pennsylvania

» 1866 First “gusher”(a flow of oil) in Texas

» 1866 PA oil was about $6 a barrel (~$35, 2004; $73, 2010)

* 1901 Lucas Spindletop “gusher” (a person who gushes) near Beaumont,

Texas, and “Big Oil” began

bitp://www.sjgs.com/history.html

4/28/2015



History of Use

1858: first oil drilled in Canada
1859: Edwin Drake!
Who is he?

— He was the first person in the U.S. to drill for oil

Where?

— Titusville, Pennsylvania

Initial cost: $20 per barrel, within three years
dropped to 10 cents

Now why do we measure oil in barrels?

Oil Tidbits:

* Though barrels are no longer used to ship oil, in
America they are still the unit of measurement in
commerce.

* The size was determined by the practices of
Pennsylvania oil companies. They shipped oil to
market by wagon or train in open wine barrels that
held 48 gallons By the time they reached the
market only 42 gallons was left because of spillage
and therefore the measurement became 42
gallons.

4/28/2015



Rotary Drilling History

= Developed originally in France in the 1860’s

= |t did not catch on at first because drilling companies believed petroleum
only lay in hard formations where cable-tool drilling was the norm.

® |n the 1880’s two brothers named Baker gained a reputation for drilling
successful water wells in the soft formations of the Great Plains in the
United States.

= The rig they used was a rotary unit with a fluid circulating system.
® This system proved equally successful in the soft unconsolidated rocks of

Texas ;n the Corsicana oilfield (which was discovered while drilling for
water

Spindletop

4/28/2015



Rotary Drilling History

= Spindletop:

= In 1900 several unsuccessful attempts to drill the great Lucas
well at Spindletop (near Beaumont, TX) provided the proving
ground for rotary drilling.

= Anthony Lucas an Austrian-born Mining Engineer believed
there was oil under the dome of Spindletop. He set out to
use rotary drilling to find it.

= Historians estimate that between 80,000 and 100,000 barrels
of oil per day gushed from the well in the first nine days. (1
barrel = 42 gallons) 336,000-420,000 gal/day.

Spindletop

Boiler Avenue
in Spindletop,
TX

By 1903 over
400 wells had
been drilled

Population
rose in
Beaumont
from 10,000
to 50,000

4/28/2015



Rotary Drilling

S mud-gas ' £
S8 ceparator 4 fuel

<} tanks po

roturu“s

table

wer-generating plant

The action of
rotating the
drill bit with the
application of
pumping fluid
(Mud) through
the drill string,

2% drill bit, and

annular to
remove
cuttings.

Drilling Today

4/28/2015



1808

1918

1930

Historical Background

PERCUSSION DRILLING BY CHINESE
FIRST COMMERCISL WELL

CABLE TOOL PERCUSSION DRILLING

WORLD DEEFEST WELLBY CABLE
TOOL (7386 )

ROTARY DRILLING

Modification In Drilling

(“h‘_’_—.(lﬂlﬁg

|

BY THE N0 BY TH ROATARY USERSFOR THE

DRILLING HISTORY

:>2500yenrsngo,wellsbndbeeudrillediﬁ
China, Persia, Egvpt and Europe by
. PERCUSSION DRILLING

—=in 1844, First ROTARY DRILLING were
issued by Robert Beart in England by using
water as the drilling fluid.

—>in 1860, Leschot, French engineer applied
diamond bits to drill hard rock in Swiss Alps
tunnel construction

=5 1850"s ,Catlin issued a rolling cutter bits in

US.A

=in 1866, Sweeney issued hand-power rotary
drilling in US.A
—in 1887, Chapman covered the use of clay,
bran, grain, cement and similar material to be
used as drilling fluid in US.A

—>Beginning of 20" century, Antony Lucas

: CIRON ¢ HORIZNTAL & .
O e ALATERAL showed the whole world how effective ROTARY
IRILLING ' DRILLING was with the discover of Spindeltop
e W‘I, field in Texas.

Rig Count

Worldwide Rig Count vs. Crude Qil Price
1980 - 2011*

1580 e -2

SEEUQNES, INC.TEIA

- — @
1035 2000 205 Mo

—e— Number of Rigs  —e— Average Crude Cil Price Brert, Dubal, WTI, Forcacos)

Crude Qil Price (US%$/barrel)
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i0906 8653 10943 8786 1296 9476 n&02 953

NOV DEC 2013 JAN FER
Brent WTi

REGION AUG SEP ocr nov DEC JAN =
us 1913 1859 1834 1809 1784 1757 176
Canada ns 355 385 385 353 503 54
Latin America a7 an a1z 398 a4 a4 41
Europe 18 124 124 127 136 134 13
Middle East 388 381 377 394 363 379 =4
Africa 1m 108 104 102 102 115 1
Asia Pacific 227 230 242 245 238 237 24
TOTAL 3490 3468 3458 3461 3380 3539 364

MILLION BOPD 2012

Quarter st Znd 3rd 4th
NDICES NEY

+ Fgures dc Act wdlede NGLS and off Fom soncomentional sources.
- e udes agprogsastely ane-half o” hey tral Zone producton

« iciudes arode ok lease condensats, FaRLRl 3% pant iquids. ot er wRirecartons S 726 nery feedstacks. refer

T Sy,
= Soeial Bl TS P——
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Portable Cable-Tool Rig




4/28/2015

22 Februa

Type of Oil and Gas Wells

.
VPT-2 : wangi

a_ s ¢ Wildcat / Exploration Well:
p.yuUNaYs 2YIUNI

« A well drills in the area with little known geological information.

Appraisal / Delineation Well:
» A well drills to investigate the extent of the reservoirs and to
evaluate potential.

Production / Development Well:
« A well drills to produce hydrocarbon.

In-filled Well:

« A well drills to optimize hydrocarbon recovery.
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Drilling Rigs

- Land Rig

Drilling Rigs

« Offshore Rig
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Drilling Rig
« Tender assist 4 3
Platform Rig y

Drilling Rigs

« Jack-Up Rig

pg
R - y :

Drilling Rigs

« Semi-
submersible

1.3Dynamic Derricks

Drilling Rigs

« Drillship
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Rotary Drilling Rig & Components
1.Derricks, Masts and Substructure
2.Hoisting Equipment
3.Pipe Handling Equipment
4.Prime Movers
5.Power Transmission, BIT
6.Mud System

7.Instruments
8.Well Control Equipment

9.Fishing TOOLS

The following considerations may influence rig selection.
Mechanical rating and suitability for the job
Capital cost or contractual rate
Mobility
Dependability
Ease of operation
Quality of supervision and rig personnel, if supplied with rig.
To chose the best rig for drilling a particular well consider.
Anticipated formation, pressures
Hole and Casing programmes
Preferred drill string size and grade (s) to be used.
Hoisting requirements
Derrick requirements
Hydraulic requirements
Rotary requirements
Auxiliary equipment needed.

gy

W

PN D W~

3.4.1 DERRICKS AND MASTS
Types of derricks and masts:

1. Conventional or standard type derrick

2. Portable skid types, “jack knife” -, “full
view” masts

3. Mobile — or trailer mounted mast

4, Dynamic — marine type derricks

5. Multiple well derricks.

1.Derricks, Masts and Substructure

#:.1.Convention Rig

1.2 Standard Derricks,
Rating  6,500-50,000 ft.
Drawwork 250-4,000 H.P.
Pump 250-4,000 H.P.

Mud Tanks 200-2,000 bbls
Drill Pipe Size 3.5-5.5 inches

o Dot e given Botow as s Hiscndon

= Stantrard Derricks
Dyn erri
o __E] ;;:::—.z—-**
N i IR T e
=l Fig. 3.6 Offshore Dynsmic and Standsrd Desricks
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. : Drilling a Well
3. Mobile — or trailer

mounted mast : - Steps in Drilling a Well

/ - Duties of Drilling Engineer

- Making a Connection

+ Making a Trip

- Rig Selection Criteria

- Derrick Loading

- Definitions (Lesson 2B) (separate)
. Copies of ADE # 1.1,1.2 and 1.3

Steps to Drill a Well - cont’d

1. Complete or obtain seismic, log,

scouting information or other data. 6. Prepare dnllmg and completlon

2. Lease the land or obtain concession. program.
3. Calculate reserves or estimate from best data 7. Ask for bids on footage, day work, or
available. combination from selected drilling
4. If reserve estimates show payout, contractors based on drilling program.
proceed with well. 8 If di to fit
5. Obtain permits from conservation/ - 1Qecssary, mo lfy prpglam it
national authority. selected contractor equipment.

Steps to Drill a Well - cont’d

9. Construct road, location/platforms and other 13. .NI'OVC off contractor if workover
marine equipment necessary for access to site. unit 1s to complete the well.

10. Gather all personnel concerned for 14. Complete well.

meeting prior to commencing drilling I
e p—— 15. Install surface facilities.

11. If necessary, further modify program. 16. Analysis of operations with
12. Drill well. ‘ concerned personnel.
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Drilling Operations
Field Engineers, Drilling Foremen

ua

o T = =

q B .

S y e lall RN

4. Well planning prior to SPUD ) e @ mmme 8
Drill Pigs oe Wand Pipe an

B. Monitor drilling operations i -

™

After drilling, review drilling results and ‘
recommend future improvements i . = Ma king
- prepare report. e

D. General duties.

What are the well requirements? =g \——
Objectives, safety, cost : R R R R

Making a trip |

Why
trip?
Tripping
one stand
| %2 at a time
0-90 ft

Use
Elevators
for

tripping

Put Kelly in
Rathole
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Criteria for determining depth limitation

Derrick
Drawworks

Mud Pumps
Drillstring

Mud System
Blowout Preventer
Power Plant

Hoisting & Rotating
Components
Fig. 3.9 Hoisting & Rotating Component

Rig and it’s components

Brawworks
«Crown block
“I'ravelling Block
*Deadline anchor

*Storage reel

Fromm 3. A SOTARY GIG IOITING SYSTEM

A Rotary Rig
|Hoisting System
.3.3-2
n*T W W
® PG 11 Sepe pulley sysiem +FIG 1-1 Simple Pulley System
w F’ =W
down| L’ =2 (m {n’pf.'u.)

T=W
Lo =2W (no friction in sheave)
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n = number
of lines

W = weight
(hook load)

Lo = load
on derrick

« FIG 1-2 Block and Tackle System
Assuming no friction

w=4T T=Wi4 W L= n+2 W

lo=6T =6WH4

F=W-+F+F,

w
v . Line - -
WM+W/n e PrOJectlon of

=(1 W-+4895%n Drilling Lines

r... e Q!LRig FIoPr 77}
o CEJ o

Pig. 1.17 = Projection of Ariiing Snes on 7 Heot.

E = efficiency = Py/P;= W/(n F;) or F,=W/(nE)... (1.7)

waEn wrakn

Power efficiency is

w
E=——- actual system

Fn
Tension in the fast line
W
F/ = — 1.7
E,
Fq =W+ F+F,

4 W_W(I+E+En) (1.55)

Fi=W+—+—=
En n En
)
fast dead

Derrick Load = Hook Load
+ Fast Line Load

- m
Load on Derrick — oo
(considering friction in sheaves) R e e

WA W(EnadyaEn  W(En+2¥aER

Max. leg load— W(N'"@ AN

i et~

the load on the other three

+ DeadilLine Load
ool i S -u-:a—ﬁ?wﬁzg—%
On) " pbmm o) " ]
F,=W+F+F BT mm mme T
d— f § E & o= o= e (Syw:
w_oW 1+ E+En R R B B
R o e e L ‘Ede=0" G-/ (Bink=f
‘ En ' n En ‘ide=4" [ Fla ]k;-—'
® ' s§ 25 5&5 306,000 e h-lwuh mloﬁn’::‘wd
B = overal efciency: | B = E_E B O -
miﬁndividmlsheneeﬂlducy‘ﬂ.”lndn=!.mli= 0.851 - _(T)w ——
it JLAEAY ‘qu F
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Example 3.2
A rig must hoist a load of 300,000 Ibf. The drawworks can
provide an input power to the block and tackle system as
high as 500 hp. Eight line are strung between the crown
block and traveling block.
(Assume that the rig floor is arranged as shown in Fig. 3.13)
Calculation:
1. The static tension in the fast line when upward motion is
impending.
T'he maximum hook horsepower available.
I'he maximum hoisting speed.
The actual derrick load.
I'he maximum equivalent derrick load.
The derrick efficiency factor.

B

>

1. The power efficiency for n =8 is given as 0.841 in
Table 1.2. The tension in the fast line is given by Eq. 1.7.

Solution

| . _ W 300,000
" En 0.841*8

(alternatively, E=0.98%=0.851)

R. The maximum hook horsepower
bvailable is

Solution

P, = Ee p,= 0.841(500)
= 420.5 hp.

Solution

33,000 ft - Ibf / min
hp
300,000 Ibf
= 46.3 ft/ min

420.5 hp

To ptdtiluthonftathnconbuld
require

90 fi
" 463ft/min

t =19 min

10
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Solution:
1. The power efficiency for n = 8 is given as 0.841 in Table 3.1. The
tension in the fast line is given by Eq.3.12
> ¥ 300900
[ e w44 B
TR

2. The maximum hook horsepower available is
P, =E-p =(0.841)(500) = 4205 hp
3 me.xmumhouungsmdisgwm-
4301 agf SO0 B mie’}

Y e .

« 4634 min

¥ !COQX‘
To pull a 90-ft stand woui! require
90 ft i
t = —————— =1.9min

463 ft/min _

4. The actual derrick load is given by
Eq.1.8b:

Solution

l+E+En)
F‘—( En ¥

1+0.841 +0.84l(8))
( 0.8418) (300,000)
= 382,090 Ibf.

given by Eq.1.9:

n

Solution
5. The maximum equivalent load is

F. =(_"+"') w =(__8;4) #300,000

F,, =450,000 I6f

. | . 4. The actual derrick load is given by Eq. 3.13b .
6. The derrick efficiency factor is: NeErBrl (1-088m@UDD) Rig Power
FallziBtg J1-osd @‘“‘“”(300000)
k [ | [CEVO) i * Mechanical (Power)
= 382,090 of * Diesel Electric
5. The maximum equivalent load s given by Eq. 3.14 « Electric
£ .E“_ 382090 PR LA N ".;J}m.ooo;-m,ooo Bt
4 = e T s Sy X, g 9 Pi
Fde 450’000 6. The derrick efficiency factor is
E,=0.849 or 849%J E, = By 382090 o ci00e84.9%
T Fa 450,000
3.6 Prime Niove;s - s F.4.2 Derrick Loads
% 3.1) p=0004 ¥*

Fig. 3.17 Diesel-clectric Power Transmission

Snistanmien | SILICON co%uln RECTIFIER (SCR)
Frg 3-24 AC-SCR Drive

those supporting W)

w = hook load

fvhere  p = wind load, b/ fr
V= wind velocity, mph

Calculation of Derrick Loads
n+2._.
Fd = W
32) n

bvhere Fd = total compressive load on the derrick
#n = number of lines through the travelling block
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3.4.2 Derrick Loads 4.4 Derrick Loads Calculation Example 351 Stings dewiga cakularion
11 %3 1 L3 g .
— bty P Drilling@6238feet. Mud Gradiemt 0319 psit. DC 600 Typeof Wire Rope “Las™

whwre g windlowd, 06
7 vind vetocisy. mph

Calomstion of Demck Loads

nE2 ..
Fd = W
an
whese Fa® cotal com presuve 1oad on dhe derrick
2w mamber of lines dwough the ravelling bleek

(Mo wppwrnng W)
w = hoak land
333 @ = mu

whese  w ®  velodity of line being spoeoted far
posied) W the drxwworka g
hoissng

@ = honk velocity

Jt:146 35 bsft. Block Assembly 23.0001bs, §° DP: 2099 lbdt,

No of line =8. Find Dvnamic Derrick Load

POLLTION :

Dynamic Demick Load=  Fast Line + Hook Load + Deadline

Buoyancy Force of Steel = 1-(0.2936 x Mud Gradient)
= 1-{0.2936x051%) = 0347

Hock Load = Wt Stringin Mad <Wt Travelling Block
= [600 x 146.35 +(6238-600) x 20.99] x 0.847 + 25,000
= 200,000 s
S 20000 _
astLine = P37 29,691 fbs.
Dead Line MW= 25000 Ibs.

Pvn. Dervecrick Load = 200,000 + 25,000 + 29691

r‘i?ﬁﬁj

Paints of eritical wesr ©

i Contact poinex between fine and sheaves

2. Croas-ovr point on druem,

{n arder to spovad the wesr 33 SEIOMALY 14 pomte sor
siock w2 51ip and cut poosedure is designed. czlannd w0
the sumuiatve ton-miles of work dons dy thy lime.

Ton Mile Formulae (Field Units)

Round teip tow miles
&= gm  SH2E
BG5 = DWwEmTUUIRRT (AR RP 9B

D = hols depk ac tip depth
Lo = i pipe - stand langth

fi
fn

Frpsweight - 1. of drill prpe inmud s
A = weght af Block, ook, elevator, sot. B

C = affsctive dnll cotlar wemht

*{D:C weightsa bud - D. P wnght of

Drilfing ton nales :
335 Ta = 24T-T)hols dilledonly.
A6 Tz = 3 (0-Tifhoeramdonce.
Ghere | I =Fatdepth

N=ladpthl

T wiles coring (ho reandng with core barrel) :
an Ts = 2i=1Y

Tom niles casing
28 Tom

L -Dm0N
ISR

Whee 7 weffocive caing waight DRt inamnd,
Lo wlength average casng jont

Trzie=S230 8., { on = 2000 b, (short o)

oI TGN | B SR
2
1 =3 Trm = T
t -1 E N
1 @ 08 785
in an 5
138 8 124
3 3 we | ser
i A Y ]

30T 1 arcion #3582 15

Mmoo St a1 3w kg
Lik

T 15 dson s € s oo 0 s

MaeTas T s 30 seeen
w

eean  Detwew ws,  ows, g
B e e
o

Iea

4 3 s 3728 i3

1is » 1 37 f

344 33 @ 344 i

134 3% 2 53¢ 3553

11z 3 o Yoy 1t

Drum & Drawwork Horse Power

wek . FarcaxDisance ...ABs
Powee = DiMEBovEd A Baisac

E = Eflicmacy factor

e Hook load {mcluding traveling block) Ib.

P Fast lime pull. Also F o
¥ = Numbwoflme
Velocity of fase

Velocky af tast line, ¥y =

Frala
350

w
fox B

tine ttAwm
¥ = Valeciey of travelling block. Ft/min

Vo x¥ fvmum

Abe

JtmRa sV =Vux N

wr,

310 R« THECE

Sotr. JRP Bih) = 23000 1 ko,

e eThciency Tator £ Gven by the fobowing equaion
PO
iy

AL
e "X

(able YTAverage Py Prewr-
Sl et of line (n) | Efficiency (E)
6 0.874
8 0.841
10 0.810
12 0.770
14 0.740
W
F, =
/ En

F,=W+F, +F,
W W {1-E~En
F ol 4ot e L
¥ En n g\ En ,?1

(31

[Fig. 1.13 ]
|_Engine |
| power

N+ cov/min
PewT

+{2aN)-{Fr)
c2mINF

Fricrioniess
Puliey
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354 Rig jem.
Power-System Performance Characteristics nmym performance characteristic generally are stated in terms TABLE 1.1 - HEATING VALUE
horsepower, and fuel consumption fc The fe
N m—— i i i e s T OF VARIOUS FUELS
2. Torque -
3. Fuel consumption for various engine speeds P wT / 3 3 000 .
o Fuel Density Heating Value
P = oT=2znN.Fr o= oooo393n,p,11 g o P Iype  (omigah)  Blwlbm)
Where, 2.
P = shaft power (hp) where
= 7N, Angular velocity of the shaft (engine P =shaft power developed by engine, hp diesel 7.2 18,000
saeed). rad/min = angular velocity of the shaft, rad/min gasoline 66 20,000
T = output torque (Ib-ft) = 2N, whee N is speed in butane 47 21,000
L - N methane  — 24,000
= output torque, ft —
Q, = heat energy consumed by the engine, hp
W), = fuel consumption, gal/min
Example 1.1. A diesel engine gives an output i N - Efficiency = (Power Out / Power in)
ey, | | Soseibeseeiele | oo
s P 9 | Btu/bm (Table 1.1). Thus, the fuel consumption A=W
the engine? rate w,. e ) 0 3.78 Ibm/min (19,000Btwlbm ) (779 &t -bfBtu )
y \ ™ 2
w, =31.5 galhr (7.2 Iomy/gal) 3-01———""“’} . 33,000 f - b min'hp
Solution: The angular velocity, @, is given by G0 uiigges = 1’695. 4 hp.
@ =2m (1,200) =7,539.8 rad/min.) W= 3.78 Ibm/min. Thus, the overall efficiency of the engine at 1,200
The power output can be computed using Eq.1.1 rpm given by Eq. 1.3 is
7 8(1.7 b The total heat energy consumed by the engine is
P=wTrW= 3975hp given by Eq. 1.2: E= P 3975 934 or 23.4%
BRIO TRt — O 16954 —
rp— | segemmpeym ney
i thour i Example 3.3 ] .\«-n»--(&ﬁ,f\—;s.
-3 i AL oo e S A e Bt © b8 e e
the overall engine cfficiency? N Points of criical wear | AR ey e e
Compuns:ihe fos conmemplion: per 1o woik day, B 0T, Corart pons b limw pAsbave }' wibadly
The total heat energy consumed by the engine is given by Eq. 1.2: Solution; Using Equation 3.1 3100032 By ;f:::::":::. R .N""“ﬂ
Q= w H 3 ‘um.@xwm;:ﬂ“? fibf B P = 27(800)(1650) /33,000 = 251 3bp vt it e P R :»_::"-w
i Wedd, 33000t~ 1E] e 7 Using Fquaton 3 17 _— oty M o ok o by o 1 R ”",ﬁ—‘-
Q, — 0.000393""/de I e B R (S C IR T E—— ':{‘_. e 8™
55 =098 029 £ et consumption =215 N (5, <0 230 o \u &
D, = 0.000393 *31.5*7.2+19000 =1695.4 = 1884 galiday per. * O THRER TIREE A e i
_ Ascording to APY Standard 7B-11C. the mechanical horsepower roquirements > 58 e et
= 1,695.4 hp. Thus, the overall efficiency of [must be modified for high-temperature cavironments or altitudes. Approximate E . :.f"'";:.* 3 @ A%t (.B.Mb.l’
the engine at 1,200 rpm given by Eq. 1.3 is conversions arc as follows: B o e St ':m.a ® B s ety
) 1. Deduct 3% of the standard brake horsepower for cach 1,000 ft rise in atitude u.e,.,,,‘m&m‘ﬂh 5 B a e otk
_ P 3075 =02340r23.4% Answer bove sea lovel. E < efiive fatt ok b B g 310y
;,-B--W Z D.dnﬂl'tul“!l-ﬂ:ibnkeh«upuwwfumlﬂ‘mm(dlm »;n(rw-m..b;&wimd T @@‘n‘““"
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Drilling won neles -
83 i = 2(T-~T) hole dilledonly.
3.4 Ta = 30T ifhderamedonce
Whees: I'= Gardepth L.

=7 xdphl
Tom wiles coring (no reaming with cove barre) :

8y = = 2D-T)
Ton niles aasing
A
T e
Where 177 «effeqive casing waght DeR inmod
L =length average Qasing jorrt.
Tmile= 352801 | 1 ton =2000 ibs. (shost ton)

3.5.5 Block line calculations Example
Example 3.1

Ton mile program
Determine length of rope to be cut.
Calculate ton miles between cuts.
How much should the ton miles change as the safety factor changes?
Slip the block line between cuts at least twice.
Demnick: 142 ft
Drum: 30" with counter balance grooving
Drill line: 1 3/8" IPS IWRC
Traveling block: 8 lines
Hole depth: 13500
Mud Gradient =0.831 psi/ft
Drill pipe : 5" = 19.5 Ib/t Nom. wt with NC 50 connections and
63/8" OD x 3 3/4" ID tool joints
Drill collars - 600" x 8" x 3".
‘Weight block + hook = 20000 Ibs
Casing: 9 5/8" — 47 Ibs/ft — N 80/P 110,

Calculate:

. The derrick loading (= Safety factor when drilling

at 13500

crown load or dynamic load)?

Pipe set back load

Length of cut

Ton miles between cuts

Ritrip ton miles at 13500"

Casing ton miles when run in at 13500'

. How much is the wire line safety factor with the
casing string at 13500". Do we need to take any
action”

9. How much is the dynamic or crown load?

R T N SRS

- Bresngmenziot ope = 358881 Tos
Safety Factor = Fastine pul & Cutcofllength, |2 drum laps + 1/4 lap for counter balanced grooving = 12 1/4 laps =

Solution A Jos.8 feer. For a safety factor of 5.0 and | 3/8° wire rope a ton mile value of 20 per foot cut offis

= DV wtin s+ DYCWh i e Fastline pul Hooll oad Jasven. For any other safety factor this value must be modified according to the relevant service
DPwWinwr = 12900 x 2099 ibaft = 270771 s umbent ine: Eficunctictos
DCwiinmr =600 x (267 (83%) bwit = 88110 Ibs

[otal (set back load) * 358381 Ibs F s = / ‘ B 4
Stang wt in mud = 358881 xBF. Fastlisty pull 291‘47 (8 08 1)
oy 57 - 1. ssesmer (TRLADASIOTE = anmesiks
e

0. 11953 Ma i
String Weight in Mud = 398881 x (I T meRT )

= ML mns
Hook Load = string Weight in Mud + Weight
block + hook
= 271147+ 20000
= 291471

Safety Factor = 83.5%2000/43274= 136

2. Dynamic Derrick loading
Fastline load = 4327393 Ibs
Hook load = 291147 Ibs
Dead lineload: = 47 = 3630338  Ibs
2
Dynamic Derrick load = 37081431 Ibs

968x 152 - 1471 Ton-miles

+

Tow 135092~ 1350020 99 27548
: eI

1350UKK0- 0. SE L8 31 - 2C 99

265400¢

275.57+24815= 52372 tm
LCasingtm: (DU, +O)W,), DxM |
;@ - 10560,000 L

135000135007 (4T E

614 64 ~10227

2
- 35846 tm

[ESaten Factor T

[Casing wt in mud: 13500' x 47 Ibs/ft x 0.7555 bf = 479364.75 Ibs

Block + Hook = 20000 Ibs

[Hook load =499364.75 Tbs
499364.75

Fast line load .= 370841

=7422187 lbs
SF = Breaking strength rope 83.5 42000
o Fastine load . 218~
-2.25 = Too Low Hans

Therefore string to 10 line and check S.F. again :-
499364.75
10%0.81

83.2x 2000 =271 =271 = 0K
61650

Fast line load with 10 line =61650.Jb.

Fast line load = 61649.97 Ibs

Hook load = 49936475 Ibs
ine load. 49936475 49936.48
10
Then the Dvaamic crown load = 61095120 Ibs

Note: API RP 9B state that successful field operations indicate
the following design factors (safety factors) should be regarded as

minimum
Rotary Drilling Line 10
General Hoisting Service 30
Mast raising + lowering 23
Lines
Setting casing 20
Pulling on stuck pipe or 20

Similar. infrequent operations
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Note: | HP (British) = 33000 ft.Ibs/min

The mechanical efficiency of the linkage between the motor and drum Solutions : ‘W Ve
is generally in the region of 85 % Example: Field Units H HP,,,, «13000 =E also HPdrum = HPmotor x 0.8
Therefore HP ., (output) = 0.85x HP,,,, (input) Motor Power = 2000 hp Motor Speed = 1000 rpm rom P ege 2038 X33900 0 811
ot ation syden Drum diameter = 30 * = 1.25 &t radius 00000
Fl-7-R-a Block line strung = 10 E = Efficiency factor for the umber of lines strung
(3.18) HP g ™ e o o 5 9 :
dum 5500 Hook load = 300,000 Ibs (including block & hook = 20,000 Ibs) . Eesgewmeoni 5166 f/min
Also w Owestions
E=1-0.02n(2% per line) F . - »  For drum speed (RPM), The linc speed V, - VuxN
Or  E=(098y ExN 1. How fast can the load be pulled ? .
2mRa=Vy =V xN 2 What motor to drum gear ratio is required ? Vi = 15166 X100 = 15166 ft/min
3. How fast might the empty block be raised, and at what drum line IS s e
W-Vy speed, in theory? sposd - 3%, Tom - <
3.19) ™ Sanmacn 4. If the maximum line speed by the is MWtoDmmgwnuo—«m o -sis 1 = 193 lrev/min
33000 <E 4000 f/min; what load could be pulled at this speed and what » F"ﬁ'&o %_m
would be the motor to drum gear ratio? Vi - 2274.86 f/min (theoretical)

Nwmcm;cspoed V,=Vy XN

V, = 227486 x_10=22748.6 f/min (theoretical)

4) Maximum recommended line speed from the manufacturer is 4004

3. 5lips: Ry e,

Vmin V. 4600 1.4 Rotary System
Therefore V, = 4000 V= L =2 =400 fymin £ During making up nJolﬂtsllpsar.uudmprwcnt
N 0 Main Parts: drillstring  from falling in ho
s W Vg T o 4. Rotary Drive:
om " 33000 <E 3. Rotary Drive Provides the power to turn the rotary table.
;: mr ;abl- * Power Sub: can be used to connect casing.
Therefore ) 6. Drill Collar 5. Drill Pipe:
i 3000cE  _ 2000%0.85x 13000 ] 1. Swivel: Specified by  (a) Outer Diameter
Ve 390 Supports the weight of the drillstring and permits rotation b) W:.lf'“ per foot
3743 b L.e. Bail and Gooseneck. c) Steel grade
w - 113743 1DS d) Range Length
i 2y Range Length (ft)
AL4000 fmin, drum spéed - e =310 TEV./MINY SauareorHecagonl 1 e rpped sy, Torae
, Texxl s transmitting through kelly bushings. Kelly saver sub is used to 1 18t022
prevent wear on the kelly mmds 2 27t0 30
3 38tod5
[Motor to Drum gear ratio - 1000 : 510
= 2.1 Approx
Rotary Sysem. Rotary System
* Tool Joint: Female is called Box. o r—
Male s called Pin. GAPACITY OF PIPE B O s T TR
* Upset : Thicker portion of the pipe. ey e S et Y v e ve e e -
« Intermatupset;  Exra thick. * REEREERERERBEIES
* Thread Type:  Round, tungsten carbide hard facing. CAPACITY OF ANNULLS moas i W WA A WM, 2o R
AR OF Al B m o min e i vm e o ow oo
6. Drill Collar: agr Teaf-af) » i e RS SR 2
Thick walled heavy steel pipe used to apply weight to the bit. Cona I e BIERIR MR AR 20
* Stabilizer Subs : Keep drill collars centralized. QISPLACEMENT OF Piee P R R B R - - B -4
: WA R W OIRNaS : =& R
* Caparcity: Volumé per unit Length. e Fiad-ehy §n oz mume mumLEEon
g BRI M MMOYm mammEIs X
A,-‘Ea’ = Capacity of pipe (1.13) o R e - -
holli--o - I 1 -]
S T . AEAnmBIcEE: - &l
TR Capacity and displacement nomenclature AR R M mrmaar .
“.“. ~g; = Displaccment .1%) B e vteomaws o
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Example 1.4: A drillstring Is composed of 7,000 ft 0f, 50w, uum
19.5-Ibm/ft drillpipe and 500 ft of 8-in. OD by 2.75-in ID
drill collars when drilling a 9.875-in. borehole. Assuming
that the borehole remains in gauge, compute the number
of pump cycles required to circulate mud from the surface
to the bit and from the bottom of the hole to the surface
if the pump factor is 0.178 bbl/cycle.

Solution:
For field units of feet and barrels, Eq. 1.13 becomes

Rotary Systerm

178°
.« 0.01786 35
T oo Sl
And the capacity of the drill collars is
_Z
1054

The number of pump cycles required to circulate new
mud bit is given by

- 000735 SbAt

am e W b o am R N 0,01776(7.000) ~ D90T35G00) B
Wi BB BT ON® L9 gai e Yl f & . i Q07ISC0NPN s,
s a ame  B# w3 pare  om # 1230 {d:gc:“i_ 3 !\X.OZBJ jpati - 0178188 feycie wlibeie
e ®W WA Q0mR s ‘
aw o 531 08 30WE. 4.

Similarly, the annular capacity outside the drilipipe is given by
And the annulus capacity outside the drill collars is  Resy Sysem

- 98387
1028 4

§75° - ¢ .
- hos sl

The pump cycles required to circulate mud from the bottom
of the hole to the surface is given by

N
0% < 2858 cxees \

1.5 Circulating System

Components:
L MudPumps
2. MudPits
3 Mud Mixing Equipment
4 Contaminants Removal Equipment

" Reciprocating Positive Displacement Piston Pumps.
OTwo-Cylinders - Duplex (Double Acting Forward-Backward)
OThree-Cylinders - Triplex (Forward only Single Acting)

R iy

Bulky

HighOutputpressure  Lower

Pulsation WithoutPulsation

RequiremoreMaint.  Cheaperto Operate
refore majority of new pum; Tr

Cirealating Systam
Advantages
(1) Ability to move high solid content fluids
(2)  Ability to move large particles
(3) Ease to operation and maintenance

(4)  Reliability
(S) Ability to operate over wide range of pressure s and flow rates by
changing the diameters of the pump liners and pistons.

E.= Mechanical Efficiency ~ 90%

£,= Volumetric Efficiency = 100%
Circulating pumps are installed on the rig.
OShallow portion both are used.
ODeeper portion one is used.

Two
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A= A A e+ g+ A+

A

7ies

Fig 4.27 The circulating system

Circuianng Syrtem
Pump Displacement

(1) Double Acting
Figure 1.25 (a)

dr = Piston rod diameter

d= Liner diameter
L= Stroke Length (Stroke = one complet 5

Forward Stroke Volume Displaced = (/4) d,’L,
Backward Stroke Volume Displaced = (1/4) (d,’ -d?) L,
(for one Cylinder)

Total Volume =Fp= 2 L,(x/4) (24,2 -L7) .Ev  (1.10)
(for twe Cylinders)
oyl :ps Pump factor or pump displacement

Mud Pump
1)Duplex Double Acting Slush Pump
2)Triplex Single Acting Pump

. D D A 1
Q= (2 (‘TS*IT-T)SLVXE{J
Q =0.00679SN(2D2-d2)e
Horse Power = (Q x P)/(1714 x E)

Example 1.3: Compute the pump factor in units of barrels per stroke
for a duplex pump having 6.5-in. liners, 2.54-in. rods, 18-in. strokes
and a volumetric efficiency of 90%?

Solution:
The pump factor for a duplex pump can be determined using Eq
1.10:

Fp = 2L(n/4) (2L7-L2).Ev
= (n/2) (18) [ 2(6.5)*- (2.5)*]. (0.9)
=1991.21n.? /stroke

or =0.2052 bbl/stroke. Answer

fiseharge

2 ?

i

Suction

fox; asign

Circulatng Syatem
(2) TriplexActing
Figure 1.25(b) s
Fp= 2 (x/4)d 2L, Ev (1) #M..._.., r
q=flow rate = Fp . N E—
(Where N = no. o cycles per unt time) «
Pumps are rated for S

1.  Hydraulic Power
2. Maximum Pressure
3. Maximum Flowrate

F A [(R 3]

.
1714

Py = Pump Pressure, hp

AP~ Increase in pressure, psi

g = Flow rate (galmin)

AP cannot more than 3500 psi

Example 4.5

A mud engineer finds from pilot tests that 2.0 gm of CMC s required to obtam the desired water
loss reduction for  one liter mud sample.

[(8) How much CMC should be added to the actual 1000 barrel system?

(b) What will be the cycle time for a duplex mud pump system ?.Given , pump liners = 7.5 in
diam., stroke length = 16 in, piston rod diam. = 2.25 in. and N = 40 spm.

Solution :

(8) CMC needed = (350/1000) x 2.0 X 1000 = 700 lb

(b) Recalling the Eq.(3.32) For a duplex double acting system mud pumps

q = 0.00679SNQ2D*-d)e =V, 1,
q = pump discharge ate, gal/min
N = complete strokes per minute

(619051000)

= ASEN(DC. (2 251090
If 20 sacks S rﬁﬁwﬁa‘i(&ve)r(ej-n?eded{ d\t;)cxﬂl\d be u{ldcd at the rate

of 20/100 = 1/5 (one sack/five min.)

Piqurae J-3n

L_crcigne (Scuzsesv of swecy ]
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1.7 Well Control System

Function:
Prevents the uncontrolled flow of formation fluids from the
wellbore.

Kick:
Flow of formation fluids in the presence of drilling fluid
{blowout).

Uses:
1. Detect the Kick
. Close the well at the surface.
3. Circulate the well under pressure to remove
formation fluids and increase density.
4. Move drillstring under pressure.
5. Divert flow away from rig personnel and equipment.

Kick Detection During Drilling Operation

Annular Preventer

Well Control Systam

Kick Detection:

a.  Pitvolume indicator

2 oW el icator (during tripping)
IRdicator (du in

§ oletilup ndicator during tripping

BOP (Blow Out Preventer)

Multiple BOP'S used in series: BOP Stack

Ram Preventers Semi circular openings which
Pipe Rams match diameter of pipe

Blind Rams : cnosB the hole, no pipe present.
Shear Rams:  Blind fams that shear the pipe.

Working press: 2000, 5000, 10000, 15000 psig.
Annular Preventers (Bag-type): Rubber Ring i
BOPE Closed hydraulically or using screw-type locking. . ; X ¥ 7t Blowout Preventer




'ROTARY RIG CC MPONEN

BOP (Blow Out Preventer)

A lurge valve at the top of a well dhiat sy
be closed if the drilling crew loses control ..
of formation fluds. By closing this valve m
Qusuially operated remotely vin hydraulic ot
actuators), the drilling crew usually regaing_ i ited |
control of the reservor, und procedures van =3

then be mutiated o werease the mud density
unl # 55 possible o open die BOP and
relatn pressure control of the fornetion

4/28/2015

Woll Comrl Sysmem
Accumuiators

High pressure hydraulic system used to close the BOP.

* Fluid Capacity : 40, 80 120 gal.

* Max. Operating Pressure : 1500-3000 psig.

* has a small pump Independent of rig power.

Strip Pipe
Lower pipe with preventer closed. Must be able to vary
closing pressure using pressure regulating system.

Drilling Spool
Placed between ram preventers
(1) provide space for stripping
(2) flowline attached to it.

Well Conwrol Syrmm:
Kill Line
conduit used to pump into the annulus.

Choke Line Conduit used to release fluid
Diverter Line from the annulus.
Drilling Spools

Must be large enough to allow next casing to be put in
place without removing the BOP.

Casing Head (Braden Head)
Attached to BOP, weided to the first string of casing
cemented in the well.

Control Panel
To operate the BOP stack. RSRRS

Well Comerol Syseem

Rotating Head
Seals around the kelly at top of BOP stack, used for drilling with slight
surface pressure at annulus.

Kelly Cock
Close the flow inside kelly

Intenal Blowout Preventers
Prevents flow inside drill string.

Adjustable Choke
Used during Kick circulation, controlled from a remote panel on the rig
floor.

Sufficient pressure must be heid against the well by the choke so that
the bottomhole pressure in the well is maintained slightly above the
formation pressure.

* Working Press Systems: 2000,3000,5000,10000,15000 psig.

Rotary Table and Top Drive
A ——

s

Top Drive

|23
s

Rig and it’s compaonents

Top drive
Stips

Motivated

T
s /dn‘n.v.—

i Rotary table
- /

-

wnsg, - Ssebing dhg vt o the saiindl

a L nisg v elevoncr, b Putling vt 5
2 Prarss,

nare: A s
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Drillstem and Its Components

Dl String Design
Swivel

a otk
il
Lo xetty
_ Kelty-
..+ saver sub
Drill | & Orit pipe
string - N Py
E.gu

The drill string services several general purposes,
including the following:
1. - provide a fluid conduit from the rig to the bit
2. - impart rotary motion to the drill bit
3. -allow weight to be set on the bit
4. - lower and raise the bit in the well
In addition, the drill string may serve some of the
following specialized services:
1. - provide some stability to the bottom-hole assembly to
minimize vibration and bit jumping
2. - allow formation fluid and pressure testing through the
drill string.
3. - Permit through-pipe formation evaluation when
logging tools cannot be run in the open hole

1. - Key seat wipers

2. - drill collars (several type and sizes)
3. - stabilizers

4. - jars - Pumpersub (Jar going doen)
5. - reamers

6. - shock subs

7. - bit, bit sub

The BHA may contain the following item

. Drill St Desi ) | } Drill ﬁ‘ing Dasiag - |
© Common grades of drill pipe with
yield strength @The API recognizes four classes
Winieoum Yieid | Maxium Yield | Tenaiie Strengin of drill pipe
Grade pat (WP B 1) »New
€ E“? '“;';’” w ?Premium Class
% 95,000 125,000 108,000 »Class 2
{862 24 »Class 3
G e By 215,000 @Pipe is rarely considered new
s | tasow 165,000 145,000 @if it has been run in the hole, it is
: ) L {seo0) considered premium class
Fig 3.19 Tvpical Drill String Assembly ot P aact P
Drill Desi Drill Des! Drill String Design
ropiof et @Drill pipe is usually designed « Many operators will place
Dol ipe ‘:‘:::‘ aut.!rsign factor pius approximately 6 joints of HWDP on
i ; top of the drill collars as a
9 A normal design factor is 1.10 or ik i =8
10% transition to the drill pipe
HWHI . .
@Overpull can range from 50,000 It may help reduce drill pipe
e s to 100,000 Ibs (22,241 - 44,482 failures at the top of the drill collars

Dwiid colfars

daN)
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©Most of the drill
collars are often
replaced by hevi-
wate drill pipe
(HWDP).
»Helps reduce torque

string weight
»Fewer drill collar
connection failures

and drag by reducing §

©in directional wells, the pipe
waeight available for bit weight is
a function of the inclination

= Bit Weight
Inclination, /. - Weas |
w
Nermal Fovce
- W sin 1
oy .
L

Drill pipe is available in several sizes and weights. Common sizes include the e S Drilf ﬁﬂﬂl Dnhn
following : [ e ST AT, 1D e
312ia <133 1b/R nominal ‘ { A
41Zin ~13.3 b/ nominal 1 @Promium class assumes that
Sin 133 Ib/R nominal there is 80% wall thickness
Various types of tool joints may incroase the average weight per foot, Le., 16.60 - remaining on the tube and that
18.60 bt pipe. However, itis still termed as 16.60 Ib. & pipe. the reduction in wall thickness
The pinde of deill plpe deaceibes the misiemais yiskd siresgth of thy pipe. This valun o oy s . s n cone comes from the outside dlameter
umhm.nuluu-dummlfu.-\dmmmCm formem —~ of the tube
grades are as follows 0
3.8.2 Drill Pipe Grades E:' T - @Class 2 has at least 70% of the
Grade
wall thickness remaining with
Feam
Letter Alternate | Yield Strength Drill pipe and Tool Joint Color Code Identifications the loss on the OD
Designation Designation peickPa) Drill pipe is available in several length range oClass 2 is seldom used for
. Range Length, R.(m) drilling except small rigs with
. D D23 35.000(579.900> 1 1822 (5496.71) limited nook':toad clpagb‘imy
2. E E-75 75,000(517 000) 2 2730 (3.239.14)
30X X-95 95,000 (655 000) 3 3840 (11,58-12.19) @Class 3 is less than 70% wall
4 G G-105 105,000 (724 000) thickness remaining and is
s. '8 $-135 135,000(391 000) considered junk

1 18-22
2 27-30
3 38-40

Range Length, ft.(m)

(11.58-12.19)

Drill pipe is available in several length rang]

(5.49-6.71)
(3.23-9.14)

Drill Collar Selection; The drill co lm,!uu_vnq' TFactor Method

The wide use buoyancy factor is calculated from Eq

6200 BF - 1= i
65.8
‘Where BF - buoyancy factor, dimensionless
MW - mud weight, Ib./gal.
o - weight of a gallon steel, Ib./gal

The available bit weight/force/( ABW) with the buoyancy factor
= Weight (CW)x(BF)x(SF)
The required collar length to achieve an arbitrary ABW can be calculated

follows AW
Le = GovaXSFYSFRCT) )
where ABW - desued available bu weight/force, 1b(daN)
BF - buoyancy factor, dimenmcnless
o - collar weight (in-ur), b/ (kg/m)
@ N hole angle from vertical
SF - safety factor, 0.85 %

Operators usually run 1015 % more collars than ABW would indicate This gives & safety
frangin and keeps the buoyancy neutral poutt within the collars when unforeseen forces (hounce, iy

Collar Length Calculaton

lise the followtog dat (o calculnte the loagth of dull collusm reqe
lor the demired Wt i ght/force

Daximed Bit Weight/ Force © 35,000 0%

Mud Waight | 9.6 1v./ oni

Dol Cllams © OD6 WVAinID2 13/16 in
Weight 83 bk

Sa oty Factor © oss

b
B 1= » IZ—-




sample 3.4

Use the following data 1o calculate the length of drll collas required for the desired bit weight/for

Desired Bit Weight/Force 35,000 1b(15 000 da)

Mud Weight 96 ib/gal (1 150 kyim3)

Drill Collars OD6 U4 in. (1588 mm)
D2 13/16 i (71 4.mm)
Weight n b/R(123.5 kg/m)

Safety Factor 085

BF -y

96 6.5
BF - !—E-; -0.8534

43T
Length- (SFYBFHCW 3
3000
D.85%D 8534 %33y
= s81 ft.

A safety factor of 0.85 to 0.90 of the corrected bit force should be used t
neutral point remains in the drill collars.

3.8.5 Drill Pipe Selection
Lw
g«;lzl)apse —f 0082 L*MW = Pe
Where P :19 "nscl collapse pressure, psi
L = depthof which PC acts, ft.
W, = weight of the drilling fluid, Ib./gal.
19251 = a constant

B o- 2o g 6.23)
Where o SF
P, - allowable collapse pressure, psi
P, = theoretical collapse pressure from API table:
(tables for proper class of pipe must be used, APl
RP7G)

SE safei factar (L1 o 1 3)

Using the API tables to calculate allowable collapse pressure :

The formulas used are in accordance with the API Bulletin R

P - [(Ldp x Wdp) + (Lhdp x Whdp) + (Ldec x Wdc)] BF

Where
P - submerged load hanging below this section of drill pipe,
Ldp - length of drill pipe, ft.
Lhdp - length of heavyweight drill pipe, ft
Ldc-length of drill collars, ft.
Wdp-  approximate weight per foot of drill pipe assembly
(includes tooljoint weight)
Whdp - weight per foot of heavyweight drill pipe, 4
Wde - weight per foot of drill collars in air
BF -buoyancy factor

Tension Load Safety Factor

Pa- Ptx09 325)
Where

Pa - maximum allowable design tension load,

Ib.
B = theoretical tension load from API table, b

09 = a safety factor relating proportional limit to

vield
strength.
Overpull

A minimum overpull factor is applied to tension load. The
factor was originated to ensure the driller could safe pull a
certain load on the pipe in the event of sticking. A typical rang
for the overpull value is 50,000-100,000 Ib.

iC Term VIargt T o
the difference between the calculated load (P) and
the maximum allowable design tension load (P,

MOP - P,-P (3.26)
A design safety factor may be calculated as the
ratio of the maximum allowable design tension
load to the calculated tension loed.

Safety Factor (SF) = fz_z_ 627
P

3.8.6 Drill Pipe Length Requirements
[Depending upon the design criteria the length of drill pipe used for a
i arade of pipe can be calculated as
Bx090 (g W)l Ty
SFx 'pol «3F “;m

[Ldpl

Ldp1. Px(2.90-MO0P) (g g (La x W)
SFx W g xBF Wy

[For a second grade of drill pipe

P90 (lyy Wy )~lag <Wig b= Ly Wy )
Ldp2- SFW_5BF e

If more than one size or grade of drill pipe is to be used (ie
[Tapered string) then the drill pipe with the lowest load
feapacity should be placed immediately above the drill collars.

Example 3.5
Give the following data : Total Depth : 12,795 ft.
Hole Deviation : 0o Hole Size - 9 5/8 in.
Margin of Overpull : 50000 Ibs. Mud Weight : 13 1b./gal
Drill Collars : 7x 2 13/16in., 5 in., 49.3 Ib/ft.
Heavy Weight Drill Pipe : 552 it., 5 in., 49.3 Ib/ft
Average stand length 92 ft
Drill Pipe 1) 5 in., Nominal Weight - 19.5 Ib./ft., Approx.
Weight - 20.9 Ib/ft., Grade E, Class 2
Tooljoint — NC50 (XH), 6 s OD, 3 3/4 ID
Tensile Strength 311,540 Ibs.

2) 5 in., Nominal Weight - 19.5 Ib/ft., Approx.
Weight ~ 21.9 Ib/ft., Grade G, New Pipe,
Tooljoint - NC50 (XH), 6 12 OD, 3 1/4 ID
Tensile Strength 553,830 Ibs.

Example 3.5
Give the following data Total Depth 12,795 ft
Hol ion %0 Hole Size 9 /8 in
Margin of 50000 Ibs Mud Weight 13 b /gal
Drill Collars - 7x2 1316 in., S in, 493 b/
Heavy Weight Drll Pipe 552 R, § un. 9.3 bt
Average stand length 92 .
Drill Pipe 1)5 in., Nominal Weight ~ 195 Ib /R Approx.
~209 IR, Grade E, Class 2
Tooljoint — NCS0 (XH), 6 v OD, 3 34 ID
Tensile Strength 311,540 Ibs

2)5 in., Nominal Weight - 19.5 Ib/R, Approx.
Weight - 21.9 Ib/ft, Grade G, New Pipe,
Tooljoint — NCS0 (XH). 6 1z OD, 3 1/4 ID
Tensile Strength 553,830 Iba
Tensile Safety Foctor 13

Collapse Safety Factor 1126

Collapse Pressure for § in. (127 mam), Grade E, Class 2 dnll

pipe 4760 psi

Collapse Pressure for $ in.(127 mm), Grade G, new drill pipe

12,99 pst

Maxiroum Weight on Bit 55,000 tb,

Weight on Bit Safety Factor 0.8

Determine :
The length of drill collars required and the total air
weight.
The length of 5 in. Grade E drill pipe that can be
used
The length of 5 in. Grade G drill pipe required

. The allowable collapse pressure for the 5 in. Grade
E drill pipe.

. The net collapse pressure for the 5 in. Grade E drill
pipe.
The tension safety factors of the new drill string
design

=]

)

[

o
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Solution
1. Drill Collar length

13
_,_lﬁ =}-——=0.8015
BF - 1 65.5

655
= 08015
) ABW
Drill Collar length = Zoocrem mmicm
S4K0 - T34

= (085X 80151101
Air weight=734 ft. x 110 Ib./ft.= 80,740 lbs.

|;. Length of 5 in., 19.5 Ib/ft., Approx. Wt. 20.9 Ib./ft., Grade
E drill pipe.

L B0 Ly Wie) by W)

Lo = SFuivy, «BF Wy
__S1L340ex090  (LIOWcT3S fo+ (49.3 Dt SS fy
13209021 5) 2098

= 12,875 ft. - 5,165 ft.

= 7,710 ft.

The air weight of the grade E drill pipe, heavy weight pipe and
drill collars.

= (Lyp X Wpp) + (Lygy X Wyg) + (L x W)

= (7,710 ft. x 20.9 Ib/ft) + (552 ft. x 49.3 Ib./ft.) H(734 ft. x 11

Ib./ft.)
= 269.093 I

3. Length of 5 in., 19.5 Ib./ft., Approx. Wt. 21.9 Ib./ft.,
Grade G drill pipe
Ldp2 - __ P890 (b W) othy Wiy )Ly W)
SFW < BF o
- 553,8301bs x0.90 269.092 Ibs
(1L.3Y21.9/f)(0.8015) 2N Sift

I

21,843 - 12,287
9,556 ft.

There is more drill pipe than required to reach 12,795 ft., so final drill
string will consist of the following

[TEM LENGTH BUOYED
WEIGHT
Drill Collars 734 R 64,713 Ibs.
Heavy Weight Drill Pipe 552 R 21,812 Ibs.
Grade E Class 2
Drill Pipe 7,710/, 129,153
Ibs.
Grade G New
Drill Pipe 3799 f 66,683 Ibs.
TOTALS 12,7951 282,361 Ibs.

4. Allowable collapse pressure for the 5in., 19.5 Ib/ft.,

p =2 4760 PSI
w  SEE T REs
- a1 PSI

5. Net collapse pressure
pe- LWy 12795RAE o pg

19.251 19.251

“ 4231 PSI<19,251
Lmaxy. JeX3%2 4B 5,569 1.

¥, (SF) T 13ibgal< 125

Therefore this drill pipe has a lower collapse pressure than may be
encountered in drilling to 12,795 ft. Precautions should be taken to
prevent damage to the drill pipe when running the string below

556008

6. Tension safety Factor
P, %09
Buoyed Hook Load - D p, Hool Load
" 3115401b20.9
- 215,678

Grade E =

=]1.

e

13

P x0.9 553,830 - 0,9
Grade G - “guyred Hook Load 282,361

= 1.96

3.8.7 Critieal Rotation Speeds
Two types of vibration may occur. The pipe between cach tool joint may vibrate in
hiodes, a5 a violin string. This critical speed may be predicted by the formula

RPM

- 78
L760908 1 s
Where I

- . nodal Critical me s s
I - lengthof one pipe, inches
D - outside diameter of pipe, inches

d - insidediameter of pipe, inches

i 258,000 o

RPM - PENAUTUM crica sped, ovotuion o missn
L - total length of string, ft.

0000 - a consan

r 36
Given the following data
2789
Drill Pipe 35in, 133 b/ ID 2768 in. jount lengeh 31 ft
Dl Collars 6in x2 1316 in
Dnill Collars length 551
[Determine

1, Nodal crtical rotational speed.
2 Pendulum coitical rotational spoed

1 Nodal critical ﬂ)eed
AL e
—— 7

G.85Y = 154
critical speed.
258.000 258,000
RPM - = BT
= 9

3.8.8 Drill string Stretch
(Combined effect of string weight and buoyancy.

L6544~ 1447, )

e, - —1
9.625<10

where e, stretch, inches

L - length of string, feet

v, - weight of fluid, Ib/gal
Effects of temperature

) = L(7.867 x 10*) x (F-32) (3.36)
where : e, - stretch, due to temperature

F - average temperature, degrees F

L = length of drill string, feet

Cra = R (337

4/28/2015
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Allowable Toque & Pull on A.PI Drillpipe Torsion Drill Desi
Max. allowable Torque/pull < 85 % Min Yield Stq The torsion strength of drill pipe becomes critical
Q; = 0.096167 * J |y «p57 - ok 'when drilling deviated holes, deep holes, reaming, or
T - Y8 -3y when pipe is stuck The actual torque applied to the pipe during @The equation for calculating the
Where drilling is difficult (o measure but may be approximated by the following maximum allowable torque
Q; -  min torsional yield strength under tension (1b-R) equation. HP/5350 based on tension is as follows:
J - Polarmomentof lneria - 3—:‘(9'—4’) int L = RPM I'nﬂ%\b‘:'.l\ .7
'3 = 35";“;:1?;" 5 1D.in Where oY o, [)" i j English
- 3 tress s 5 5 F \ ’
Y 3 Teiewicied :I‘;' HPT - :’orquc dcllveredd(o dnlldpnpe, /b, ‘
A Cross Sectional Area (in2) plpe - OrSepOWer use« to produce rotation of ° QJ o " 1536 x 0*J ] y s |’~)8(K)T): ‘ SI
# 3 i
RPM - revolutions per minute \ D, L 47 ]
5250 - a constant ans . fo
Drill String Design iy ®
— b T - |
. :g :?" - e e e e e ] |
w2 28288, 7 sy, 3. e
el | 39e812. 380784
i E e sare 00568, Tebadd O
B i 3 7z
JEEER mRRz=g Mill sfot and groaye method of drill string identification
[ rill Des p— BITTYFES
- Snwnalulmnpdediudu

Mill slot sad graove method of drill string identification

B e
< e\l wer, P max
- wou “hiaw  mew ~ wom

2.masiar Curm s mhe Un w1969

- Tr (Tawrmay s Pory Cra e se

't omsan
ranuaidin o Acen 1w
- Cenciee Sewing Sk Fermamee
- Gapsng S Crnames Mare Fomane s
Jearna Avche - smat
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9 Drill bits come in a wide variety
of types

»Roller cone bits
- Steel tooth
- Tungsten carbide insert (TCI)

»Drag bits
~PDC or polycrystalline diamond compact
-Natural or synthetic diamond (TSP)

[eHistory of bits

»Qriginal rotary bits were drag bits
often call fishtail bits

#They looked similar to a fish tail

»Drilled soft formations by gouging
and tearing

fheds 2,

Drill Bits

How suvech do

I5EAL

ELECTRIC STEEL
BROTARY BITS

Inexl Rovary
Bits are sheapest
in the end as
thay make the
maximom
amouny of hole
in Formations
Where deilting
is tnse diieuts,

Rolier cones

Steel teoth

Penetration Rate —

= Impreg
AND.

Formation Compressive Strength —s

Cutting action
Soft Formation : Gouging-Scraping
— Most Aggressive Cutting Action
— Typically high ROP applications

Hard Formation : Chipping-Crushing
= Most Durable Cutting Action
— Typically low ROP applications
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Gouging-Scraping Example

Gouging-Scraping
olike....using @ shovel in the garden

Chipping-Crushing Example

Chipping-Crushing

olike.....using a hammer and chisel

PDC Mechanics

oPDC Bits drill by shearing
the rock

oRocks typically fracture
more easily with sheqy

loading (less energy, ~=——==" '
WOB) Polycrystalline
Diamond

OMost efficient cutting
Compact

action

: rill Bits

~Had roller bearings
in the cones

~No seal in the
bearings and used {
mud as lubricant

»Solids in the mud

caused rapid
bearing failure ;

»Most beanngs Tk W7
lasted less than 24 QAN o
hours bl

et

| Dril} Bits _ |

© To improve the bit ™

life in soft i

formations, a seal

was added to the

bearing

»Kept mud out of the
bearing until the seal
failed

~Then bit life was
longer

#As drilling into
deeper harder
formations
expanded, the
cutting structure
needed
improvement

»Hughes introduced

the “Chert Bit" in

1943 to drill hard

formations

»in the late 1950's,
Smith developed the
TC-8 bit with longer
inserts for drilling
softer formations

#With insert bits, the
cutting structure
could far outlast the
bearings as proved in
air dnlling operations
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@Friction bearing

»Because the insert cutting structure
lasted much longer, they had to come
up with a bearing that would last
much longer

#The friction bearing was developed

#With the friction bearing, bit life was
extended to around 100 hours under
normal conditions

Thrust bevring ...

Lubricant pasase..

Eireise Severs aif

Flevibhe dinphragm

its

Soit formation TCH bt

Hard formaton TCT b

Bits » Il Bits L
» Tungsien carbide inserts come in dilferent sizes and
shapes depending upon the type of formation they dril @ The PDC cutter
3 s 2 @ Roller cone bits drills by
s come in many shearing action
N N ‘2- different styles @The PDC is self
ity o, and shapes sharpening
oo e | Coag s © The IADC code because the
vk oy rrk is one system t ton wears
R L L used in order to faster than the
e identify bits diamond
s O S s OO, i s R o
o Chimel Tt worvpe & Glt VesSinas o wett
oo = one o

@ Steel body bits

»The body is made
from a machined
piece of steel

~In this bit, the POC
cutter is attached to
a tungsten stud and
pressed into the
body similar to an
insert bit

@ For diamond or
TSP bits, 1
would be a flat
profile and 2, 3,
and 4 represents
an increasing
taper

Tri-Cone PrivecystatineDismoms < ompach
jroc)

17
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OBJECTIVES :
M Anticipate drilling operating Problems.
M Identify parameters effecting rate of progress.

Midentify zones of potential well control problems.
M identify solutions to the concerns

SAFE
MINIMUM COST

USABLE
Solution to constraints

PLANNING

Proper planning is key to
optimizing operations and
minimizing expenditures

4/28/2015



WThe drilling engineer is required to plan a ofwell

types, including the following:

*Wildcats
+exploratory holes
#step-outs(appraisal)
#Infills

*reentries

The flow chart how 10 do well planming since the beginning up 1 the
project approval is shown in Fig. 11.3

[ N
i

J

Icu.l.ny «ad Reservolc Evaluacios|

7

[¥e11voce Geomecey Selectioal

il

[Drilitag Rig Sising end Selection|

|m1u-. Race rum-l

Figure 11.3 PLANNING A WELL : Flow path

Fig. 1-2 Flow path for well planning

4/28/2015



FORMATION

PLANNING COSTS
Data cost 0.5-1% of well cost

DL A NINITNIAY A VLT

.SKILLS Saiil
2. KNOWLEDGE
3. EXPERIENCE

Engineers, geologists, geophysicists,
accountants and other corporate

professionals. This integration of professiona
is often referred to as a DRILLING TEAM

4/28/2015



Data Collection

characteris

The drilling engineer must work with
the geologist to

1.Develop an understanding of the
expected drilling geology

2. Define fault block structures (for
Offset Well Selection)

3. Identify geological anomalies

Drilling Engineer must obtain a
Geologic Prognosis similar to the one
illustrated as Fig. 11.1. It is imperative

that the prognosis be obtained and is
normally provided on request from the
Geology Department within the major oil
companies.

4/28/2015



*The task of generating an

responsibility of the geologists, geophysicis sel
*Geologists + Geophysicist + ngineers

*GEOLOGIC CROSS SECTION

. LITHOLOGIC COLUMN

. FAULTS

. STRUCTURAL MAP
*IDENTIFY GEOLOGICALANOMALIES

. PORE PRESSURE GRADIENT
. FRACTURE GRADIENT

PLANNING |

1 PROSPF CT DEVELOPMENT

»Some information is always available
»Geologic prognosis
—The geologic prognosis contains
information about the formation to be
drilled
—It should define the objectives of the well

—It should indicate the types of logs
required and whether cores and drill
stem tests will be required

4/28/2015
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PLANNING

@Estimated Formation Tops

» Estimated Elevation, KB 2,857 871m
» Top Wichita-Albany Anhydrite 2,950 899m
» Top Wolfcamp Dolomite 4,150’ 1,265m
» Top Possible Lost Circulation 4,300 1,311m|
» Top Douglas Sands 7,100 2,164m
» Top Granite Wash 9,950 3,033m
» Top 13 Finger Lime 10,910 3,325m|
» Top Morrow Formation 11,100 3,383m)
» Top Morrow Sand 11,165' 3,408m

The task of generating and developing a prospcct is mainly the
responsibility of the geologists, geophysicist and reservoir engineers.
Geologists + Geophyvsicist + Engineccrs

GCGEOLOGIC CROSS SECTION
LITHOLOGIC COLUNIN
FAULTS
STRUCTURAL NIAP
IDENTIFY GEOLOGICATL. ANONAIIES
PORE PRESSURE GRADIENT
FRACTURE CRADIENT

bata Acqguisition |

The engnneer called upon to derive a plan for drilling a prospect 19
vpically given oanly ouwramal data The geological department usualls
supplies a location and the depth of the objective formations. Boford
beginning additional information must be obtained This inforrmaton
comes privmarnily from offset wells.

BIT RECORDS : number and tyvpe, jet sizes, footage and drill rate pcor|
bir. bit weight and rotary speed, pump data. mud properties, ef.

CASIND SIZE & DEPTH: includes hole problem, los: circulation
zones, abnornnal pressure zones, et

NMUD LOGS: includes hthology, mud and formanion parameters, drill
bt data, drilbhimg rate, drilling mud gases, et

ELECTRIC LOGS: given tvpes of lhithology, pore pressure prediction
and potcntial pay zonc, ot.

DRILILSTEN TEST: type and properties of fluids, pore and formation
pressure, et

ANMUD RECORIDS AND RECAFPS: mud properties and hole problem:.

DRILLEENG TINIE:

HOLE PROBLENI:

DRILLEING RECORDS

CONMPLLETION REPORDS
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though wildcats are currently being drilled, seismic data, as a minimum, should
be available for pore pressure estimation.

Common types of dauzlsedﬂ Lhidrill’tf erﬁnecr as follows:
bit records 1 ata ouecction
mud records

mud logging records
IADC drilling reports

JEnie= " DATA SOURCES

production history

seismic studies

well surveys

geological contours

databases or service company files

Each type of record contains valuable data that may not be available with other
records. For examptle, log headers and seismic work are useful, particularly if
these data are the only reference sources for the well.

Many sources of data exist in the industry. Unfortunately, some operators
falsely consider the records confidential, when in fact the important information
such as well testing and production data becomes public domain a short time
after the well is completed. The drilling engineer often must assume the role of
“*detective’’ to define and locate the required data.

Sources of data include bit manufacturers and mud companies who reg-
ularly record pertinent relative information on well recaps. Bit and mud com-

i i i e rator. Log libraries provide log |

Data Sources

“ bit records

* mud records

mud logging records
IADC drilling reports
scout tickets

* log headers

* production history

* seismic studies

+ well surveys

* geological contours
* databases or service company files

%

*

E3
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PLANNING

@Possible Producing Zones:

» Douglas Sand 7,100-7,200' 2,164-2,194m
» Stray Douglas Sand 7,400 2,256m
» Des Moines 9,050-9,900' 2,758-2,018m
» Granite Wash 9,950-10,800' 3,033-3,292m
» Upper Morrow Sand 11,165' 3,403m

___PLANNING |

@ Geologic map

»Provides
information on
offset wells that
can be used for a
reference




_ _PLANNING )

‘ ¥ * @ Geologic maps

»Geologic cross
section and
structure

Petrosi

] acy D207 Fesroiiite LT, MRt Ressred

PLANNING

@ Control wells

»Control wells should be geologically
similar to the well being planned

@ Open hole logs
»Information on formation types
»Caliper log can indicate hole stability
»Pore pressures from shale values

4/28/2015
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L,,_ PLANNING | PLANNING
8% Recard R e
H —— — — s AT U MO
@Bit record e —— = == o

»Information from offset bit records e — T —
can show — e & = =%
—Casing points I e e ETi ol
—~Mud weights e 5 S A e kb S P I
—Deviation i - B o e s e 0 2 I P S
_Time to drill e e S O 0 8 O 2 - g

mber ; e : o O PP

N o‘_b‘ts e 0 O o i i B 8 PPN =
—~Types of bits e e I o i o w5 PP B —
—Hydraulics b " el e e e o PSP : - :'_'

5
=
e ™ S A i i gy
L N B i s
T - ~
=S :

' PLANNING. ’

@ Drilling mud recap and proposal
»Recommended mud program
»Information on offset wells
> Time required to drill offsets
»Hole problems
»Mud properties

DRILLING MUD HECAP

| ~ PLANNING |

@ Scout ticket
»Information on
productive
horizons and
production rates

oacy

AT a2 sstre e
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l ~ PLANNING

?When available, daily drilling

reports are the most valuable

information

»They give detailed drilling information
including an hourly breakdown

»They may also give descriptions of
the drilling problems

PLANNING
[ TimE [mms | WORKDESCRIPTION
& | 723 N GYRO SURVEY AND RIG DOWN SCIENTIFIC
E_ 11 STDS FROM HOLE. DRAG 10.5 OVER FIRST 1000, THEN FRE
&_ ¥ DOWN 10 JOINTS OF DRILL PIPE AND BOTTOMHOLE ASSEMBLY
3015 m CK UP MOTOR AND NON-MAGNETIC PRILL COLLARS
1§ mwsmw-umt-- HOLE, 38" OF FILL
30-193 - UP SCIENTIFIC STEERING TOOL AND WASH TO BOTTOM
3 m ILL WITH DOWNHOLE MOTOR FROM 1306 TO 23107, 6.77THR
s 3 ON PUMPS
9 U i WITH DOWNHOLE MOTOR FROM 2310" TO 2360°, S4THR
e

| B
{in

= : AR
gs o e
e s i
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2 P
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=
=
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Femr el
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Preliminary Work for the Well Design -
Disaribue fx commens, ® Meihods by which the well
e wil b ety wnd
Plossing Procass Overview .

b = Driflng deparumes: = Show the asmumprions sad
Aaquive cod i Do Anckyes St & Blin - g
» Wil peopesal = Prepare hole ection progeam {trchmcal
- ;-a- > |, m— oL e ation) ]
R = T8 e " 2, ]

L4 Db b comment. * Oushors bicog
‘achsling  Disutbose the prngesn.

Wt G, Marig P : . " ;

* Discuss ol sspects of the > | = new — r— : Dimriboe —_..

» Agree o0 who doas whest ::_—l e a————
& inmcrional reirceencs -
® Decumen: the wagor

Sexrumoms ke
v 112 Doko Acquisiion and Anslysis
The suceess or faflure of a well, from & drilling viewpotnt, is bexv)
- iy quality  spod. The quall
by " ¢
inctuding. s completencss. of the da wsed i planeing, The moocetol deifling
- Yo ,_.-zh...-‘ cngineer is & naral detective, snooping wouad for every snipper of
: y T data anabysis il is the well proposal)
i The -
o L ....,."."‘..‘1.':"_"1........_.....
~ sation o production They will put togrther » packege
Cd — informtion for drilling that wel define what the well showid achicrd
osing ‘and whese it shoukd be. o
ncleding, = Diseribuate. the progrm wa

-

» Driflag -

- I Well objectives (explorstion, sppeeisal, development, and

ey

. o, T e g, ) R

-
-

Pore and fracture: gradicais vs. depth plot (it fs useful
el o e PP s 2 e e bt sy
- B e e 2 g s S i s
-
.
.

Wl angets (show downhole comstraints to justify
- ah_mu-;u--vq-lm—.u

= Bequired sousl solstion of reacrvoles

CASIND SIZE & DEPTH: includes hole lost ci

lbmmulpreummn;,et
MUD LOGS: includes lithology, mud and formation parameters, drill bit data, e
drilling rate, drilling mud gases, et. Ez: (3 la m—— nrr-—zs [ T —"— -E*T—q.- -
ELECTRIC LOGS: given types of lithology, pore pressure prediction, and - s S O O L = &5 5 =l o v 2
N s e i T =T T*TT [~ & =
potential pay zone, et. — = bow abed: w
DRILLSTEM TEST: type and properties of fluids, pore and formation o 2 o e B 8 s S 1 A
pressure, et. | ] e T e | o e T Y o 5 S0
MUD RECORDS AND RECAPS: mud properties and hole problem W‘i’i -
DRILLING TIME: - e T O RN
HOLE PROBLEM: s b ™" N Ml B s s il ol ol ol B o D PP
UBILLING RECORDS: o i 5 N e i e b S -SSP S S Y
COMPLETION REPORDS how alovel wwm
| s e ™ it i 1l s e i s e et i e @ O P P

e

Production History

Seismic Studies
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Reports(Daily drilling report)

l ~ PLANNING l

@ Once all the information is
collected, it is the drilling
engineers responsibility to
develop a drilling plan

@ Improvements in drilling
practices are always possible
and expected in an area

@ Local problems and drilling
conditions must be analyzed
with respect to a broad, ever
changing expertise in order to
develop the best possible drilling

program

|® Be a skeptic

»It is our responsibility as drilling
engineers to question drilling
practices which are inconsistent wi
sound judgment or other experienc
in similar areas

»Can the well be drilled more
efficiently and at a lower cost

@ Attack general practices in view
of new technology

@For real savings, attack the
hazards

»Attack the abnormal pressure
problems, the deviation, the lost
circulation, or the pipe sticking
problems

LT —




4/28/2015

@ Support conclusions and
recommendations with data, ’
analysis, and calculations

@ Follow up and honestly evaluate
your efforts

»Report success and failures alike
»Don't place blame; find solutions

P%HNING

©The “Technical Limit” (“Drilling
the Limits”) is defined as the
best possible well construction
performance for a given set of
design parameters
»The technical limit is a well design
process by which drilling and
completion costs are reduced

Motivations for Understanding Geo-
pressures

e |

i

~

WAMUILAL ] 03 WY

— 1

IO WM

1Y <’
(/’¥

| Best PP evaluation while drilling >

N

ey s g Suua

[
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I
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Normal Pressure Gradients
West Texas: 0.433 psi/ft

& 2 Gulf Coast: 0.465 psi/ft
N
N -
e \\\ Abnormal |
8‘ e, Pressure
(=] MM (-mdums

10,000

Pore Pressure, psig

Atonssl Frome

0.465 psilft == 9.0 Ib/gal
£ 5000
= i
& 10,000 ] Nonas
o
Abormal
l 15,000 /
20,000

0.433 psifft e=p 8.33 Ib/gal

8 9 10 11 12 13 14 15
Pore Pressure Equivalent, Ib/gal

{ Density of mud required to control this pore pressure }

Abmccmal Promre

Chapter 3 Formation

--.c-—n.;-—-

2 knowledge of formation pressuces. As shown in Fig. 31, the pressore is the

Formation preseure caa be the major factor affecting drilling operstions. @
mﬁ.ﬁs&mﬂ_ﬂ-&-ﬁ__-_’-
r

fousdation for meny segments of the well plan. If proper aention & sat given
10 formation pressune predictions. the odher techmical portions of the well plan

3
romy be inadequate. -
. AW 1 psvft
Pressure Prediction Methods Pl 34 Schematic tpuing (he ingact of pore pressies oo the majer 3
s T g of a well ple Clio :
‘mothods can be grovped kgically s follows: -ﬁ—-“ﬁu.‘.—.u—-—th
L :i-tilﬁ--i-l.:h un—h_-—m As a wor case, i 1seas where oftset J . |
2. offiet well comistion st ( . |
:.:":_,,.__ e oot e s ot < gradent 10 '}[P" }fl]’ :
rodoctns or fes dat - 0.43 psvit {
3. sealetioe evaluation Origin of Abacrmal Pressures
cuiative. By defition,
quastiative be (1) 1 id e N
a o) - i 100 200 300 a00
= — Pressure (MPa)

Pressure/stress gradients

Pressure (GPa)

02 03 04

thastatic gradent

22 to 26 Mpa kul

Formation Pressure and Matrix Stress

o WO Fm
/|
S =P + ¢
overburden pore matrix
stress = pressure  + siress
(psi) (psi) (psi)

Causes of Abnormal

__ Pressure
1. Under-compacti

*2. Artesian System
3, Faults

+4, Salt Beds

*5. Salt Domes

#6. Density Differences
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SSCE

(2) A sealed zone existing at 8000 #
with normal pressures i the
zone and all adjacent formations

£000 #t

Sealed zone, normal pressure

1500 &
Confinuous '\ Rig
waler —heamg N
zome 1.000 ft
- 6000 2 ib) An upifted seclion wil
53 . reguire 12.0 b/gal mud
702 psi = 135 toigal EMW €000 & The sealed faull prevented
21000 #t 3744 pS _— 120 Ibgal pressure regression
E‘f‘uh |0“er .
0052 « 30®Bgal x 1500 = 702 oyl W Sesled it
Surtace Suriace
Required mud > s> axg 7
I Y/ 7/ /
90 bigal ijJ </ VA
Normat pressure pressures Nomal
shale sectons / / h pressures
4 /
10.000 R = w? = 10.000 psi {overburden) / i T ‘ /
o Imovement /
Assume a sait overturden gradient -
of 1.1 psift (21.15 Bgal) Shale s o ™

- Sat beds 1000 & x 1.3 psift = 1100 pSt
19.4 taigal w 11900 1

Pore pressure 2t 11,000 #t — 10000 psi
1,300 psi

11,300 psi

/

! Normal pressure in all
adiacent formasons

i Pressure a1 9000 ft is
0052 x 90 thigal x
9000 ft — 4212 psi

Pressure al 90071 tis
5148 psi — 0115 psi
x 2000 #t = 4918 psi
= 1050 Ib/gal EMW

2000 &t

0052 « 90 bgal < 11000 ft = 5148 ps

Prediction of
Abnormal Pore Pressure

» Resistivity of Shale

» Temperature in the Return Mud
» Drilling Rate Increase

» d_ - Exponent

» Sonic Travel Time

» Conductivity of Shale




[

Depth, ft
il

‘ 1 . 1
- ..{ ; 7 - i
i 4 b
Al B o

Interval Travel Time, psec per ft

Ben Eaton

' also found a way to determine pore pressure
from interval travel times.
Example:

In a Gulf Coast well, the speed of sound is 10,000
ft/sec at a depth of 13,500 fi. The normal speed
of sound at this depth, based on extrapolated
trends, would be 12,000 ft/sec. What is the pore
pressure at this depth?

Assume: S/D=1.0 psi/ft

L g

"
i
1
]
§

Ben Eaton

? Ft‘ From Ben Eaton,

=B

3
~1.0-[10- 0.465][M]
12,000

= 0.6904 psi/ft

(Matr)

Well Planning

» Experimental Frac.
» Leak-off Tests ‘= —

Well Planning

116

Fractuee drafienn
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(S

Franwe Goheots

=0.478 psi
=6,692 psig

Calculations:

i

Calculations:

4. Matrix stress at

Fracture Gradient Determination

Fracture Gradient Determination

where = fracture gradient, psifft

pressure gradignt, psi/ft

en Frncturs Gembtin
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Fracture Gradient Determination

Fracture Gradient Determination

LU

Exampble

A Texas Gulf Coast well has a pore pressure
gradient of . Well depth =

vestical siresses. They believed this stress relationship 1o be in the r3
w0 1 of the total overburden. Therelore, fracuve gradicat deterny
1o Hubbert and Willis would be as follows:

- 105 +3)

I-o-h&--ulpﬂ-i(&)dlpnh-—u.&l.lﬂ
P
2-m(+3)

and likewise for Bq. 4.2.

procedures can be used in a graphical form for 2 quick sohy

Fg. 41, mhc“-‘&d'**lhh

and um mation. With 3 horizontal line, intersect the formation pressurc gradicat
cmlwnulhfw-hyﬁuhdﬁ-d-:‘w

Read the fracture mud weight rom the ondinate. From the

Example - Hubbert and Willis

ore pressure gradient,

new

Fracaue Grdiesss

Example - Hubbert and Willis

Fratms Gratiess

10
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Fracture Gradient Determination Fracture Gradient Determination

Fractue Ceames

s

vertical strexses. They believed this stress relationship 1o be in the r3
10 ¥ of the total overburden. Thesefore, fracture gradient determy
10 Hubbent and Willis would be as follows:

Example

A Texas Gulf Coast well has a pore pressure

gradient of . Well depth =
Where: » L L/._- ,f)
P = fracwre pressure, psi 2 ‘E z
Z = depth,
S, = overburden at depth Z. psi
P ™ porc presswe,
1 3m overburden stress gradient (S.) of 1 psi/t is assumed. Eq. 4.1 rodd
z=u(+3)

and likewise for Bq. 4.2,

ah“hnwhhn.ﬂﬂ
Fg 41, _hch-hud-**.‘t

maml m.wh:ﬁ”ub“dﬂ_
Read the (s emed weight (rom the ondinste From o §

Example - Hubbert and Willis

Example - Hubbert and Willis

Frachse radents
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Sarin s merans

¥ 0

A i S 0052 .. st

Muisin siress ooatreont
versus O
The stresws i n Fig. for —
Kelly vetioved it the coetficient woukd vary with different geologicat Oenat Tauat Goat Coast
tions. The values shown were obtained by subsistuiing sctual field data of .
dorwn prexsures into Ba. 4.4 s solving tor K, i Listiiosin St clown
The procedure for caiculatiog fesciure gradients using the Maithe - =
¥, Orzin fapmation P THi v iei ; \ \
sty Kick datn, Jogs. vF anocher setAIxCIey method "
Ottnim the matre siress by using £o. §.4 and assuomng 3 e
1.0 paisth fur the overturden: > . \ South Tomas
e Gu Coan
v .S P \
3. Determine the depils, D, for which the mastis siress. o, would #
normal vatoe. Avsome dhat the overburden porsire i 1.0 psi 2
this it follows thac i G
Unsssans Guit Comn
L b4 l \
from whinh (e velue at O, can be found 7 i N\
4. Use the vaiwe of 1, and xpply i 1o Fig., 4.2 10 obtain the correap rY i
vatoe af K. H \
3. Using the values of D, @, 7, and K,, cateulae the vatoe »f the 04—
pradiom. ¥ \ \
Example 4.1 X
Caving ws 28 o 4 Toxws Al Caast well it 7,200 R 4 was sstimal
frenation pressurs was camivaiens o |1 Otbignl mud. What e dw ¢
Imasedisiely b (v sasmg voar Lixe e Mimthews wn (3
oreseisuon.
Solutien:
1P e (1.0 Mgain0. 082X 200 1
- i i a3 oA s 13 or a8 08 10
Tw=s "
- 7,200 ~ 4118
- 083 5t Vi, de2  Matox stress coefficients of Matthews sad Kelty

e
Eaton. Eaton ded the pis P ¢ |
Jroduce Poisson’s ratio iato the for the P 2
§ =B _v_.) B 41
et = ’(l ) B 1 @7
Where:

welibore pressuce. psi
depth, t

overburden stess, psi
Poisson's ratio

feacture gradient, psi/ft

Eaton a4 ed that both burden stress and Poisson’s ratio were variabie
with depth. Using actual field fracture data and bg-denvoq values. he pfcpamd
graphs iflusteating these variables (Figs. 44 and 4-8). Using a suitable choice

for mct; variable, the nomograph prepared by Eaton et al. (Fig. 4-6) can be

used to calculate a fracture gradient. . )
A graphical presentation for the Eaton approich pravides a quick solution.

The vhart (Fig. 4~7) is used in the same manner as the Matthews and Kelly

meROT
TERE

0 s » s +

Fig. -2 Matrix slress conthoinnts of Matihews and Keily

Yo
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Whete:

P formation prasscs o e petat of inse

ot e, o i
mnm,m—mnammunm D depeh of inveress, i

s s aves, oaegues Ty Dt secepeek o mved o % 'mmn‘tpﬂudu
m-ukammmm e
p-ﬁﬁ:ynﬁﬁhﬁm’mu‘-mm-‘xbmd” ¥ 'lmmnmmdm.wn
mm\nmwumm sakeninsiag

e g st
ey
S e,

Mstihows and 1
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s
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[

h -

ofe

Ry
LI o

A‘-—m,.e-

¥ig. 31 {eaphscal deseminstion of mstuwe geadsents 3 propesed by Batir

L& Frecture Gradients

the fi to the 4 of matrix stress if the formation were comy
. The auth i < that the 3 y for fractuei
lormahon would then be similar to those for the normally compacted fory?
The stress coefficient vs depth is presented in Fig. 4-2. Matthew
KE‘E ljeved that the coefficient would vary with different geological

mgmmmzm pressure e

pressured i
using the Matthew

xgrdaié‘m;u s follows:

1. Obtain formation fAuid pressure, P, Thts can be mfmsurcd by dri
tests, kick data. Jogs. or h
2. Obtain the matrix stress by using Eq. ‘{and asxurmn; a grad

* (i) Nexf Galculstethe ™ matrlx stress.

. Determine the depth, D, for which the matrix stress, o, would
1 value, A that the den p is 1.0 psisty
this it follows thac

0535 D; = o

from which the value of D, can be found.
4. Use the value of [, and apply it to Fig. 4-2 10 obtain the corresps
value of K.

5. Using the values of D, o, P, and K,, calculate the value of the
gradient, .

[ Frecture Gradients

Example 4.1
Casing was set on a Texas Gulf Coast well at 7,200 . It was estimal
formation pressure was equivalent o 1 1.0-1b/gal mud. What is the
gradien? immediaely below the casing sem? Use the Matthews anc

ure.

Solution:
1. P o= (11.0 ih/gal}0.052)(7.200 1)
= 4,118 psi

2 =8 - P
- 7200 — 4,118
= 3,082 psi

3. Depth equivalent, D
0.535 D = o 3 082
T 760 fr
D = 553 = 0535 - >
where 0.535 psi/ft is the rock matrix stress
4. From Fig. 4-2, K, = 0.695

P Kgo
5. F = D + D
: 4118 (0.695K3.082)
= 7200 7.200

= (.571 + 0.298

0260 ogi/ft
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M(m A3). Altthough the Gawon chart (Fig. 4-7) uses the curves in Figs

and 4-5. & similae chart can be extablished (w 3 differcat area if the
mmmu«m:mumm;m

M:m-hm-umwm widely wwedd

onigh.
out the world. Mh—mum.mm-mwm wn accepubic
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PRESSURES ARE RECORDED AT
THE BUTIAL LEAK-OF ¢

REQUIRED FiLLUP
VOLUME PRIOR
TO COMPRESSION

VOULUME PUBMPED et
Fig. 5-10 Typical results from a isak off test
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;
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Pumming rate = 0.3 bolmin.
Hod weigre o 9.6 Dgal

Suce Pasaon lpge) 08
\\

Sutwca Pisus (0009, o
N

/

/

A

/

® BIG, 1312 Caning seal lakoft wylcutng seal at 3000 8

e ]

e M, Bt
e

— "TTRCIATE Cacients




4/28/2015

ANTICIPATED LEAK
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Example 4.3
Canirg was w0t 98 10000 0 in w el The opecator » tesuotl et
s o o frmeiare praghens at 19,000 11, 1f the tmud weight in e weil
s 113 Mgl what 1> The Fravime gricient
Sotution:
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LALAA ANDAS | DRILLING ENGINEERING
A —
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et
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»a 990 Problems b
& wie AL Shcermons Yo gymbnsia i e Sofaveig siaiinn, vt st meh % S
3. The results ase plowed in Fig. S5 it appears that he formation will - TS - =
begin v fosctare when 930 pi bs applied. P s
Formation Strength Tests Formation Strength Tests
The knowledge of the pressure at which the formaticn fracture will occur is
essential when designing and drilling of a well, as the integr;g" of the wefl in a
well control situation depends on the minimum formation strength. s ok e
= Formation Integrity Test
The strength of the formation can be determined by the following tests: {FIT): P
e The formation is fested to a & S
% Leak-off Test (LOT): N N predetermined pressure value g Y B S
Determines the pressure at ~ s e without breaking. The test is 5 /’
which the formation begins fo . net carried to the point where ! /" —

take fluid. It is used specially
in exploratery wells to
determine  the  maximum
pressure that the formation at
the test point can withstand
before a loss of drilling fluid
into the formation occurs.

formation failure occurs, In

many cases, this value of T// - S
formation strength is sufficient  /

to ensure well integity ina o w ke e ¥
well  control  situation,

especially in  development

wells.

The second method that cas be used 1o estimate forma-
1Hon pressare at 9,000 it & an eopincally determined
refationship between interval transit time i formaton
pressure. (See Fig, 6.13.) The ratio of observed transit
time 10 normal interval transit tme wt 9,000 ft s

¢« 129
)
W

From Pig. 6.13. the formation pie pressure goudicot is
.93 paid e, Thus, the fomsation peessune i

2= (.93¢9.000) =8 376 prig

Sofusee. Fiest, the miceval toaeot tamse dats are plottad

Ban Ea
vs. depth (Fig. 6 143 The average soomal pressurc trend et
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“geometry is etenm
problems to be considered are as f
1.CASING DESIGN.

"~ casing setting dep

2.CEMENTING PROBLEM ; may occur if HOLE PROBLEM.
the casing to hole annulus is too small. COMPANY POLYCY.
3.CLEARANCE BETWEEN GOVERNMENT REGULATIONS
DRILLSTRING AND HOLE,; if too large the . SAFETY.
circulation will not sufficiently clean the g The drilling engineer has the following casing strings at his disposal in
hole, or if too small the result may be o designing a well plan :
increased friction pressures and turbulent Conductor Pipe.,Structural Casing.
erosion. Surface Casing.
. . . . Intermediate Casing.
Casing and Bit Size Selection Production Casing.

Liners., Tubing.

Cang/Tibeng. Shoe Dy " Hole Dett Cologu Dt
Sz e} & KD (079 | Gose | Siedw) | Wla) | Comesion Py ) Kot}
3 » " M u e Veeo L . .
@ 322 130 L 154) m e Baven 1o 0 -
i 3 0200 14 FE) 180 “n "%
- ’:‘ :'o?:o‘:rmm:: ; :: ':x:: 199 v:::. :m 28 u |
1. Bottom hole pressure and teir r j gl T Bl e il B |E
2. The type of drilling fluid to be used -
3. The type of cement to be used. YL ettt
y b Desgs Faskre
4. Potential hole problem. T T B
5. Reservoir fluid expected, for example corrosive i Pl N
i L1 110 1

fluids such hydrogen sulphide, and carbon dioxide.
6. The casing setting depth.
7. Company and Government policies.
8. Safety.
An example of CASING program is shown in Fig.11.7

T

BIT AND HYDRAULICS PROGRAM
Heole | Depih BaTipe | IADC | Nomien | RPAL | WOB | Precre | Flow Rawe | Libess | Remack
e o ‘-—‘ i 1 q 1 L
EXPECTED PENETRATION RATE Y i gt sl -
COST OF DRILL[NG RIG 2] - m{l’:\' T [ 200.20-18 | $5.100 | 1938 | S00-3500 1660 (35
TYPE OF MUD vAREL)
OTHER RIG PARAMETERS T ‘4)\&)’ [ R ST T S R ) %3 (353
Many type of bits may be recommended to used based on above conditions @ | seppe [ na0 | w07%
1.MED-HARD ROCK BITE o — LA L o U B
* (23001 mp
HAR'D RQCK BIT s ATMX ST 161818 .10 | S0-00 A o
PDC(Polycrystalline Diamond Compact) BIT e d B - .
DIAMOND BIT 0 Seshi ‘Q,r::, [ S XTI ST T OO Y 309 5
All bit and mud conditions are also recommended for each drilling ar PDC i Uit
interval. An example of bit and hydraulic program is shown in Fig.11.5
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HoleSize | MDlnterval | BitType | IADC | Noules WOB | Press | Flow Rate | Liners
fioch) | (R-RKB) | iwimlwomi | Code |(2odinch)| REM [(KLBS)| (s} | (gpm) | (im)
% 0-120 CRI FL 20202018 80100 40 1 1000 | 61T
1272 20600 | MAXG3 | 13 | IS18I8 | 70420 | 050 | 2 | W (220
G0-1500 | ATM22 | 47 | IB848 | 080 | 400 ) N0 | %0 614
1214 | 1500-6200 | PDCss s | 8050 | 2030 600 ¥
{Kickoff) | 6,200-6800 | ATMR g | S17 | 161616 | 80150 | 5040 | 000 (] 5
630010200 | ATM3 | $37 | 161646 | 80150 | 040 0 ¥
8in 10200-TD | AT | 547 | 12212 | 100460 | 3545 | 400 | 400 3
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acquired, as discussed earlier i in this ¢ apter,
this program. The available drilling fluid technologxes will be 0 R BT
e potential, ¥ W reCaecaind e ﬁ““'lh&_‘mkm-”-nklﬂc.ﬁm

1. WATER-BASED MUDS = et = e

ot repen

2. OIL-BASED MUDS Rl ey oty g 2

‘Saxtion i, alow fox cyvie e, 3wl Canch saple o€ Towiion Vit pacoenin 3 b enieed a1 129 F (AT,

3. GASEOUS DRILLING MUDS s e i i
An example of MUD PROGRAM is shown " I e LRI

. . N Rew . Ches bl o iy
in Fig.11.4 P o X L
while WOC AT
esvion & BOF 5.
7.5. Mud Program
Recommended Formuistions.
Hole Section (in) 12 v AND 8 %" 6 18" Hole section (in} 12%88% 818"
Mud System P Suiphate - potymer Suiphate - polymer Chemical Function (pob) Chemical (pov)
Requiraments Prevent welibore stability TREATED WATER Sustc Joda o oa Sodde o3
probiems, Biocides & Oxygen Scavanger PAC Viscoster 18 Txygen Scav 0.5
PAC L L L
Minimize mud iosses into the  Minimize Environmental impact g L k. e L
shailcw sands of the Chaliang Xanthan Gum Potymer  Viscosifier 04 04 *
Lab Formation. Pragafatnized Starch  Fiuid Loss. 20 20
Mimimise Environmental PHPA Encapsuation 10 0
inpi XS0 innibiien »250 *250
Density (ppo): < 9.6+ <94 Bante Censity As required
FV (sec/ a1} 5060 35~45
PV (epsy: As low as possibie As low as possidle 5 -
g Mixing Procedyre
YP i1 ) 5= 10 -1
We1t0sah) 329 =13 1 Fill tha tank vaih volume requited.
API Fiud Loss (ces): <5 <10 2. Mix requred concentaton of Potassium Sulphate (25 ppb).
Mix the potymecs siowly and smoothly through lowing
PH: 85-95 85-95 N oy s et
LGS (%wivy < 5% < 5% Xanihan gum polymer 0.4 ppd at 20 minules par sack
5 PAC (or 2quiv ) 15pp0 at 15 minutes per sack
K280, (owtivl: > 7% (28 ppb) 7% (28 i) PACLV(orequiv) 2.0 ppo at 10 minides per sack
Pregeiatinized starcch 20 ppb at 5 munutes par sack
Note: Actual Mud Weights and properties wall depend on welibore conditians 4 AdusiBMIo 98 wih .

In offshore operation, an emergency response phan and an o1l spill
contimpency plan will be added 0 o drilling program outlines as in the

following example
DEILLING FIROCGR.AN

WELL DATA

LOCATION MAP

SUMMARY INTRODUCTION

DRILLING TIME VS Dzﬂ u CURVE
SBEQUENCE OF OPFERAT
ANTICIFATED DRILL l\t(‘ rno-l L
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BEOLOGICAL OUTLINE

M woedt v
Ovy Mot Mo 1.4, 700" FML & 88 FEL Sacton 85
Bock B9, HAGN AR Survey, Nortwest Mandsts Fiaid. Auterts Counry, Tec'
Otcive Horon and Canwact Depin:
Plus 100 N
Corwmated fonranon Taps.
Exematad Elevation K. 8. 2087
9%
Too Womkcam doiomite. 0
Top Posbés Lost Cire 30
Top Daugias 300
Granie wosn
Top 13 Finger Lime 0310
Morvow “Formation” 1,000
Too Morrow Sand 1008
Possivie Procucing Zomes:
Sant 1.100-7.200
Sway Dovgias Sary 400"
Movas. 9#0-3500"
Geanine Wash 9390- 10800
Upper Mormiw Sund. LIS

Cateh 3 samples fram 6.000° 10 T0. Wash thoroughvy, &4 oy, 3d 1 v 100" bundt
g e trom 3350 10 TO.

Onw 30. orientad cor of Unpwr Moow Sand 11,185 10 11,28 aseroximasety, (¥
Opmatac shdy 3nd envrronments aeywe)

Ovil Steem Tasting:
Pouaiiy 0ne et m Granie Wagn

Swevers:
Setiumperyer IE5 & Compansates Domaiy iog
Pamertn:

So% eurince cesing st 3.350'; set intermedists casing St 10.060° (3Y,"). Posibie W

Page
0
000
000
o
o0
000
0
00
00
000
o
000
ORALING AL PROGRAM -
Mud Program 000
i =
BT WEIGHT, ROTARY SPLED. DEVIATION CONTROL. DIRECTIONAL
SURVEYS. AMO BYDRAULICS 000
FIGUAE WO, §
Provieus Pactarmmance - Grsae Wash Section - 0-6000" haad
FIGURE NO. 2
Pravious Pectormance - Granity Wash S6CH0N - 0-8000 000
FIGURE NO. 3

Diawss, Dormick Ml 50008700

SUMMARY INTRODUCTION
DRILLING TIME VS DEPTH CURVE
SEQUENCE OF OPERATION
ANTICIPATED DRILLING PROBLEMS
DRILLIND MUD PROGRAMME
CASING PROGRAMME
CEMENTING PROGRAMME
DRILLING SURVEY PROGRAMME
TESTING PROGRAMME
PLUG AND ABANDON(TENTATIVE)
PRESSURE CONTROL
OPERATIONAL LIMITS

5. SAMPLING PROG
6. CORING
7. MUD LOG
EM EN P PLA
* RIG SAFETY, HOUSEKEEPING
*  FIRE PREVENTION
*  ACCIDENT RESPONES, STAND BY HELICOPTERS
+ KICK CONTROL
+ MEDICAL EVACUATION
* RIG DISASTER PROCEDURE
N ENCY P
LOCAL POLLUTION RISK
INCIDENT RESPONSE, ORGANIZATION AND ACTION

RLSDOMNSE STRATLON.

rvoir, seal, so

+ Testing Program ».
Despite the tremendous value of core analysis, some shadow of doubt
always remains concerning the potential productivity of an
exploratory well, and this doubt is not dispelled until a sizeable
sample of oil has been delivered to the surface. The type and
period of tests will be planned upon the encountered hydrocarbon,
condition, and situation data requirement. The available testing
techniques are as follows: WIRELINE TEST;
FIT(Formation interval tester) and RFT(Repeated
Formation Tester)
DST (Drill Stem Test).
PRODIICTION TEST: Shart Term ar I ang Term

reservoir engineers will design ; AN
they require logging. The available logs will be

DRILLER’S LODS
MUD LOGS
WIRELINE LOGS
Electric Logs
Radioactive Logs
RFT, FIT
Wave Propagation Logs
Electromagnetic Logs
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PERMEABILITY.
THICKNESS.
LITHOLOGY.

PRESSURE.

RESERVOIR DAMAGE.

PRODUCTIVITY

The following completion types will have to be considered along with the reservoir

parameters listed above:

OPEN HOLE COMPLETION
CASED HOLE COMPLETION

LINER COMPLETION

include details fb the :
following types of cement jobs:

ion of the

*1.PRIMARY CEMENT JOBS,
+2.SECONDARY CEMENT JOBS,
*3.CEMENT PLUGS.

*An example of CEMENT program is shown in
Fig.11.6
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request the drill pipe assembly to serve
these following purposes :
1. Provide a drilling fluid conduit from

protes:
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LT et Lo the drilling rig to the bit.
ey Lot Brasder, Dapocries, Fhod Less, s 3% Shasey s wuhody sifeices 2 dock aoewiss Sow .
| e 2. Transfer the rotary motion from the
ecifod it 953" Casng
g, . . . .
sl drilling rig to the bit.
RIRTAD § Coa€ EM«W.M‘M s i1 TOC i gt 3 22,500 6 N0 (U061 phoe:
MR | s | L LOLapek wamsens R e, Yok sdon fecionarel us
e et 7 Coy oo | cobuticd g 52% bacsy  epr ke s
v 1 b e o cages oy, Shary
chude M € 2oxE pias o
Cavey/Tobieg Shox Depth. " Hele Dritt Calagse. Bt Tomsion
S te) AR QMY | Gode | Soidn | DG | Cweeion | O (113 Qe
x* % “ 82 * 119 Vol E . . g
" 150 L] K pi2i] s Dusess 1540 m 6 zg
$2:] 296 TV O MD o 12 224 58 Batress L] 10 i '<§
1 lemvoneme | 2 | e | sia | | e | e | owe o |0 . Drawworks power capability
4 3 180 il 1218 Vit tr N0 9 04 . . . - -
R 2 = . Derrick height and maximum capabl

. Substructure height and load capacity.

Power source and size.

Drillstring size, weight and grade.

. Blow out preventer type, size and pressure rating.

. Mud pump size, including rate and pressure limitations.
Mud tank volume.

. Mud cleaning equipment including the shale shaker,
desilter and desander.

Miscellaneous rig equipment including such items as communication
equipment, crew accommodation, and drilling recorder.

FEEREEEEE T
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“include such a things as :
1 Drilling surface hole.
2. Setting surface casing.

3. Drilling intermediate hole.
4.Setting intermediate casing
.5.Coring.

6.Testing.

7.Logging.8.Drilling main hole.
9. Setting production casing, ect.

i+

~ PLANNING.

9 Offset wells are evaluated in detail
for time required to drill and
complete

@ Based on the gathered
information, the well drilling plan
is broken down into many tasks

@ Complicated wells may have more
than 100 separate tasks

s £33 A i 2 R R s

@ The time is broken up into
~Theoretical well time,
» Conventional lost or down time, and
~Invisible lost time
Technical Limit

Invisable Lost
Time

Tudustry Normal Well Time -
. Actual Well Duration =

. o0t ST Rasahn L A R B Are

@ Jones and Poupet reported 20%
improvement from the best previous
offset well performance and 25%
cost reduction from the budgeted
amount

AP Doph i v
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W '
funds. It provides a measuring device to gauge the ped‘ommctoftfm team. The AFT
includes cost estimates for all materials, services, transportation, and accommodations
required for the drilling and evaluation of the well. Often the AFT tabulation will
comprise a total for dry hole and another total for a completed well
Although cost estimates are sometimes very difficult, and often many of costs are

s LI
Just itisb practice to prepare the AFE on PC computer. The N NG AT o vl 12 MORAUO o1
dsh like L 23 or Excell. b et - R, o]
computer uses sprea sheet programs like Lotus 123 or Excel okt 8 P | o -uwl R L5200 =y
o 2080 o0 e b
The approval of the AFE and the drilling program by the senior management is their Tos -l 12 v IR OUPeE 0208 7
=y = o et 5 VDTG #23D v e Lxe X 10D Y TIAS O AN D00 EE
acknowledg of an of the p s and costs expected in the drilling et o e o priereii by 2w 14
R f % T W DGR A % L D CFENGTO0 0.0 g
proposed well. The process for obtaining this approval is the circulation of the AFE, M i o wasEeOs e 5]
approved by the operator at the highest level of management necessary to commit to the s moa s o | | Acscirei o
o . . bty . WL TMY 400 w8 TIOLTR
5 3R CENG 2005 29
level of expenditure, to all thg interested participants fo_r their approval. - e ww £ mcx o 2 2
A sample of cost estimated sheet is shown in Fig 11.11 e -
s
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~PRILLING RISK.AS

Excessive vibration could
Increase the possibilty of

Top hole section.

T ORI T T OIS T

4 dip on the

1) All nuts, bolts etc. to have safety wire
attached to prevent falling

T e Toes - 5 dropptobpecti o ha g et
S - — e an area, ol S.
e e i e 4 i sy e 2) Minimize personnel exposure
Piten \s cxtpning; sl M oty 8. NMW=11sg(PV=12/YP=17)
) oy el i e L) 2) Sluury Weight = 1.9 sg (PV = 20/ YP = 17)
1+ Integrity at the shoe while  Run Dowell Simulation for
. performing cement job Prelim check 3) Max Pore = 1.0 sg EMW
- 4) Fract Gradient = 2.0 sg EMW
Max ECD at 7D (Dynamic) = 1.9 sg EMW
20"Casing 106,54, K-55, BTC
i il 1) Burst : consider well full of
M———— gas(SF=11) 1) Burst = 2410 psi
T AR - 15 Casing not handleburstand  2) Collapse: consider inside csg
A S — o collapse pressure is empty and outside 2) Collase = 770 psi
» - csg hasmud and cement (SF =
S i PEien i TS B el el 1) 3) Tensile Strength = 1,683 kibs
i oy RN — :*;:::‘__;_— . e — 4) See excel sheet or attached file
P VE— ot s g ST v it frr gm’:‘m:m““ n
. e & Risk of injuries resulting from 1)J5A for handling tubulars/lifting
N [ coomece oo o handling heavy and for some of rig crews operations.
1 ‘eevemG— P s ity st 14 large BHA including additional 2) Large drill collars would take
e e = drill collars and bit time and extra care 2) Safety Contact (stop for unsafe work)
b — 3) Pre-use inspections, 6 monthly
fobehandied, tin:
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_ ADVANCED DRILLING
ENGINEERING 1/2557(2014)

Chapter4 Cost
Estimation and
Control (4 hrs.)

By
Kriangkrai Trisarn
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9.

10.
11.
12.
13.

534620 ADVANCED DRILLING ENGINEERING
4(4-0-8) @ 1/2557, 2014
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How to Get Drilling Permission (2hrs.) Asso. Prof. KK
Introduction to Rotary Drilling (4 hrs.) Asso. Prof. KK
Well Planning and Proposal (2 hrs.) Asso. Prof. KK

. Cost Estimation and Control (4 hrs.) Asso. Prof. KK

Hole Problems.(4 hrs.) Asso. Prof. KK

Drilling Fluids (4 hrs.) Asso. Prof. KK

Factors Affecting Rate of Penetration (4 hrs.) Asso. Prof. KK
Pressure Control (4 hrs.) Dr. Akkaphun

Pore Pressure and Pressure Gradient (4 hrs.) Dr. Akkaphun
Blowout Control Procedure and Equipment (4 hrs.) Dr. Akkaphun
Directional and Slimhole Drilling (4 hrs.) Dr. Akkaphun

Rotary Bit Design (2 hrs.) Dr. Akkaphun

New Technology Drilling (6 hrs.) Dr. Akkaphun
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Well Cost

oo ]Q . Estimation:

Authorizatior r Expenditure

m«mﬁadnummnﬂmh

A prop well cost may require 25 much
m;u@uwmmmmqmdw
wells In addy i i sach as ible acd &

umhﬂmﬂuw cost *“puesst e

fe ““back-of-the-aapkin typ.vi‘u,.m;:._dm“

wsedd in the process.

mumkkhnwhw-&“"m

nulﬁy“uumwdhm.ﬂmk
Wpecs ace. extabliched, dhe ired 10 drill the well

mext be detenmined . 'lhwlnlm.‘ s
compietion times with the wedl

oo LAND RIG $35.

-Wh“tzdhammmwm
-.:-dn-_!\me-us_y.d.kt

( » dilling sig

The effect of tese itcms oa the overall well cost is dependent en the setzal il
cost, ie., foc a tund rig vs $100.0000d2y for a dinliship, and the]
time.

_hﬂ-lil‘-l Assome: duat te well will he drilld in

st Texas i o 1981 Tuble 19-1 profer forthe
oo Fipm Pg
® Poescew Mt s yoe
iy
2am -
’MI-
. J L Y
>
e 2z
o
o a2
=
agen -
e 2 e - Ge
nom -
e -
e r
s [T T —y
B3
us
W Chneses

S e DRILLSHIP $100,000/DAY =" ==~

* SEPport services o

o Cacvrg 5 U2
£ e 5 amny &oes
T TS

1 e it
= ;.’ﬁ-;ns ) b.:rx"f-.lr: & :-:nm,. Procons Dqupement

""'p"-mua-m o
a..wur-g-mn

0 :;uomm

Ty B0 Do
!-‘qcny Septsagaraveny 3, Creor Trowed

4/28/2015



g Dayrome
Onlng Ry Slawnclry Date
Wy 1 o6/ Y bssmste

Fog Commp, St ox st s 3. G Thomadd

AR Shwng Tael et
Compoymata Careved

Raoaces
Ot W el oy s D S g Cods

Wy £V seer kg
mcimng ! g

_Newve Sawet
tappag rCwmoe £ Tives
B § epatonzs ) Vaord Coan

GEA  REALLUCATION Y

= ¥t Tacieaced 4, Engmieeang S Dige
Vongrnowtng B ropes ddm a7 on
ity Serecury - Mieclings
13QA Loty
Yorgdf 2 mzwarce Code

4/28/2015



EXPENIITURE
OPERATION COST

SITE PREPARETION
MO-DERG

DRILLING FLUMDS
CEMENTING
SUPPORT SERVICES
TRANSPOTATION

TOTAL

LOCATION PREPARATION

DRILLING RIG AND TOOLS 40,00.#”

200 20 CASING
900 13 3/8 CASING
2900 9 5/8 CASING
1800 7 UNER
4500 3 1/2 TUBING

1100 WELL HEAD& MISC.EQIUP.(10,000 PST)
TOTAL TANGIBLES
‘mrmmsts

§ § BEEE

-

LR

e uae enene

1,000,000

CHATTURAT-2
Directional Weil

THAILAND/ONSHORE(KHORAT PLATEAU) CONCESSION: L. 29/50
CHATTURAT PROSPECT 'CONCESSIONAIR : TPIPP

WELL TYPE: Bxphoration

acoessories and well

LUMP SUM TO SINOPEC al:‘si-

umm
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(0!

tim _ AUTHORIZATION FOR EXPENDITURE (AFE)

| EXPENDITURE DRY HOLE COMPLETED
i 1 (24.5 DAYS) (32.5 DAYS)

INTANGIBLE COSTS
LOCATION PREPARATION 30,000 65,000
DRILLING RIG AND TOOLS 298,185 366613
DRILLING FLUIDS 113,543 116,976
RENTAL EQUIPMENT 77,896 133,785
CEMENTING 49535 54,369
SUPPORT SERVICES 152,285 275,648
TRANSPORTATION 70,200 63,400
SUPERVISION AND ADMIN. 23282 30,791
SUB-TOTAL 814,928 1,126,581
TANGIBLE COSTS
TUBULAR EQUIPMENT 406,101 846,529
WELL HEAD EQUIPMENT 16,864 156201
COMPLETION EQUIPMENT 0 15,717
SUB-TOTAL 422,965 1,018,447
SUB-TOTAL 1,237,893 2,145,028
+ CONTINGENCY (15% 22)—» 1,423,577 2,466,782

Costs of Crude Oil and Natural Gas Welis Drilled
Period: Annual
{35 Download Series History
Thousand Doliars per Well
All (Real’) r 10W9 14274 18285 1523 18013 34818 13602007
Al Mominal) r 10542 11995 16731 17207 21017 41717 1960-2007
Crude Oil (Nominal) r 8828 10373 14418 19204 22386 40004 19602007
Natural Gas (Nominal) r @18 11060 17164 14976 19362 39069 1960-2007]
Seyiiston fmbony . T 16734 20861 19773 23029 26648 61312 19602007
Daollars per Foot
All (Resf) r 18748 20825 26728 27116 32400 57446 1960-2007)
All (Nominal) r 19531 21627 20257 30650 37803 68830 1960-2007
Crude Oil (Nominal) r 19455 22113 20845 31436 40245  717.13 1960-2007
Natural Gas (Nominal) r 17578 18995 28478 28003 34836  604.08 1960-2007
L el 3 28417  M594 32791 42092 47933 113208 19602007
- = No Data Reported: —= Not MA = Not W = Withheld to avoid disclosure of individual company data. 11’;2 $/F'
1132X1.3=1472 $/FT. 1430 S/FT »
-
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Table 19-1 Drilling Times and Associated Well Cosis
for Fig. 19-1

i
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(5. 00017 000 &
Rem cosing,
s
Laggiog
Caespletyon
Well ooses® 4175977 $4.562.372 $5.045 448
—c—-—q—ah’u—uwm‘ '« AFE progrss.

sluv wRTHmee w|=

: DRILLING TIME INFORMATION Sﬂlﬂlcﬂ

Blaw a®@Blw- «|®
]

i three cases ol ilfastrages the coss differences. The worst Gase has & a2l%
mw—gmmmmwmuw
mmy—p—km-w.' ‘depth vs days, " it S
dnau_dAydewmﬂu:ﬁ—-ﬁ. 92
Sources of Drilling Time
 reimatc drilling times for 3 well. mw-ctqul.inznd-h
it vovands, med records, dog beader -ﬁun—u- —!cpenn wdlhmns

s e such 2% scout fickets and poodiction

they provide mformarion ae will affect e Gme (R

items seidoms coogaim actval deilling rmes. *
e

m“:“md&ﬁg-ﬁ

uhu*m-&m-hm—-hn A bf y_ i

1 X &
muhm‘m&z“w-ﬂymz—h mhﬂ_‘“‘*““mﬂe‘u“g’ "
b dhe s roguivod For cach diffing activiey. ta addition, time allocated to  spud and completion dates.

Time Considerations

Drill Rate

Trip Time

Hole Problem

Casing Running

Directional Drilling

Completion Type

Move-in and move-out with the rig
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RC8Ipd ,

4

Dry h
Test h

I\ 20, Somdncor

13 38" casing
@+-250m.

| £172"TOL @ 2600m.
™
@2800m.

e=15.82
e=19.69

412 Lawer shoe & 4000 m.

1-Jan13
{COUNTRY: T PLATEAU)
HOLE
140 DAYS) (160DAYS)
) (uss)

20,000 20,000
250 13 3/8 CASING 140,000 140,000
1400 9 5/8CASING 400,000 400,000
2800 7  UNER 200,000 200,000
4000 4 1/2 LINER 100,000 100,000
4000 3 1/2TUBING 200,000
SURFACE AND SUB 3 300,000
(1100 WELL HEADS: MISC. EQIUP. (10,000 PSI) 250,000 300,000

MO-DEMO
100 LOCATION AND SITE PREPARATION 500,000
200 DRILLING RIG AND TOOLS
RIG 38,0008/0(1520$/m)
BT 1,000,000 | |
500,000
1300 DRILLING FLUID and Chemicals 1,500,000
‘400 RENTAL EQUIPMENT 500,000
CE 700,000
{600 SUPPORT SERVICE
MUD LOGGINGS 300,000
ELECTRIC LOG 600,000
CASING TOOLS SERVICE 300,000
WELL TEST
OTHERS 500,000
700 TRANSPORTAT ION 200,000
1800 SUPERVISION AND ADMINIST RATION 1,000,000

AFE DETAILED SUMMARY
EXPENDITURE JoRY HOLE COMPLETED
(140 DAYS) (160 DAYS)
uS$ us§
LOCATION PREPARATION
110 PERMIT (PURCHASE) 100,000 100,000
120 SURVEY 10,000 10,000
130 RIGHT OF WAY, SPECIAL PERMIT 50,000 50,000
140 LOCATION PREPARATIOON 330,000 350,000
150 CLEANUP 10,000 20,000
TOTAL 500,000 530,000
ROO DRILLING RIG AND TOOLS
210 MOVE IN AND OUT 100,000 100,000
220 FOOTAGE BID
230 STRAIGHT DAY WORK BID 4,560,000 6,080,000
240 FURL 100,000
250 WATER 10,000 10,000
260 BITS 1,000,000 | 1,000,000
20TOOLS 200,000 250,000
TOTAL 5,970,000 7,560,000
BOO DRILLING FLUIDS
310 DRILLING FLUIDS 1,500,000 | 1600000
20,000
1,500,000 1,620,000
50,000
420 ROTARY TOOLS AND ACCESSORIE 10,000 25,000
430 MUD RELATED EQUIPMENT 30,000 35,000
440 CASING TOOL 40,000 60,000
450 MISCELLANEOUS 270,000 270,000
TOTAL 400,000 460,000
510 CONDUCTOR CASING 50,000 50,000
520 SURFACE CASING 80,000 80,000
530 INTERMEDIATE CASING 100,000 100,000
540 INTERMEDIATE CASING 120,000 120,000
550 FIRST LINER 20,000 20,000
560 SECOND(SLOT) LINER 0 0
570 PRODUCTION CASING 100000
580 PLUGS 100,000 100,000
MATERIAL 230,000 230,000
TOTAL 700,000 750,000

4/28/2015



APE BETAILED SURRXRY
710 TRUCKING 100,000 120,000
EXPENDIT URE 720 MARINE
(140 DAYS) (160 DAY'S) AIR
(156 LOCATION PREPARATION 70 OTHERS 100,000 Sagon
110 PERMIT (PURCHASE) 100,000 TOTAL 200,000 220,000
120 SURVEY 10,000 10,000 |800 SUPERVISION AND ADMINISTRATION
130 RIGHT OF WAY, SPECIAL PERMIT 50,000 50,000 810 FIELD SUPERVISION 800,000
140 LOCATION PREPARATIOON 330,000 350,000 820 OFFICE SUPERVISION 200,000
— 000 o 830 INSURANCES,
TOTAL 1,000,000 1,100,000
200 DRILLING RIG AND TOOLS
MOVE 000 900 TUBLLAR EQUIPMENT
oo rooTAGE BID e o0 905 DRIVE PIPE 10,000 20,000
230 STRAIGHT DAY WORK 81D o 6,080,000 910 CONDUCTOR CASING 140000
FUEL SURFACE 1
20 yeim Jo.000 o 520 INTERMEDIATE CASING ag m
foh 1.0 o000 I Looando 925 INTERMEDIATE CASING 200,000 200,000
ToTAL 5,970,000 2,560,000 930 FIRST LINER 70,000 70,000
935 SECOND(SLOT) LINER 100,000 100,000
310 DRILLING AUIDS 1,500,000 I 1,600,000 940 SURFACE EQUIPMENT 300,000 350,000
PACKER FLUID 20,000 950 TUBING 200,000
ToTAL 1,500,000 1,620,000 0 CAMNG
0 L0 WELL CONT ROL EQUIPMENT 50,000 ) 70,000 e <o 10000 o0
420 ROTARY TOOLS AND ACCESSORIS 10,000 25,000 963 SURFACE 6,000 5,000
430 MUD RELAT ED EQUIPMENT 30,000 35,000 INTERMEDIATE CASING 6,000 5,000
440 CASING T ),000 60,000 965 FIRST LINER
450 MISCELLANI 270,000 270,000 LINER
R bt M- 967 PRODUCTION CASING
'CONDUCTOR CASING 0, 000 [WELL HEADS MISC.EQIUP. (10,000 PSI) 400,000 500,000
g SURFACE 500 és:,'ooo TOTAL 1,662,000 2,200,000
530 INT ERMEDIAT E CASING 100,000 100,000
540 INT ERMEDIAT E CASING 120,000 120,000 1000 WELL HEAD EQUIPMENT
FIRSY LineR A0, 20,800 1010 CASING HEAD 20,000 ] 20,000
oo S o . 2 1020 INTERMEDIATE SPOOL 40,000 30,000
580 PLUGS 100,000 100,000 1030 TUBING SPOOL. 100,000
MATERIAL 230,000 230,000 1040 TREE 300,000
TOTAL 700,000 750,000 1050 MISCELLANEOUS ~ BOP 400,000 ] 500,000
e aqg;vs 30,000 40,000
610 CASING !
621 MUD LOGGING 300,000 300,000 1100 COMPLETION EQUIPMEMT 8,000
oGS 600,000 650,000 1110 BLAST Jomr AND LANDIND NIPPLES 10,000
625 PERFORATED 20,000 1115 SPECIAL LI}
627 COMPLETION SERVICE 50,000 1120 SAFETY JolN'rs 5,000
el it 5000 1125 SUBSURFACE SAFETY DEVICES 10,000
632 INTERMEDIA. CASIN 25,000 I 35,000 1130 SEAL ASSEMBLY 10,000
633 FIRST LINER 5,000 5,000 1135 GAS LIFT EQUIPMEMT
634 SECONIXSLOT) LINH 5,000 5,000 1140 GRAVEL PACK EQUIPMENT
635 ToN G 20,000 1145 MISCELLANEOUS 200,000
636 TIE BACK STRING 1200 WASTE MANAGEMENT 600000 650000
e 1300 OTHERS 225000
TOTAL 600,000 1,543,000
RENT AL IPMENT 20,000 24,000
660 FORMAT ION TESTING TOTAL WELL COST= 14,620,000 18,450,000
FISHING DIl
CONSULTANT MO-DEMO 1,200, 1,200,
680 ACIDICZING 100,000 100,000 I S s
600 MISCESANEOUS(TEST. 200,000 00,000 GRAND TOTAL OPERATION COST| /15,820,000 119,690,000
ToTalL 1303000 1
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with an oil mud. Assumec a 750-bbl system.

What are the cement pumping
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Drilling Cost Analysis

The Drilling Engineer

The Drilling Engineer:

» Recommends drilling procedures that
will safely drill and complete the well
at the lowest cost possible

» Makes recommendations concerning
routine rig operations:

> Examples of routine rig operations

» drilling fluid treatment
» pump operation
» bit selection

» handling problems during the
drilling process

The Drilling Cost Equation:

_Co+Crlto+te+tt) $

c
' AD ft

C, = drilling cost, $/ft
Cy= cost of bit, $/bit
C, = fixed operating cost of rig, $/hr
t, = total rotating time, hrs

t. = total non-rotating time, hrs

AD = footage drilled
with bit, ft/bit

t, = total trip time (round trip), hrs

Example 1.5

A recommended bit program is being prepared for
a new well using bit performance records from
nearby wells.

Drilling performance records for three bits are
shown for a thick limestone formation at 8,000 ft.

Determine which bit gives the lowest drilling cost if
the operating cost of the rig is $400/hr, the trip time
is 7 hours, and connection time is 1 minute per
connection.

Example 1.5 cont’d

Solution:

Assume that each of the bits was operated at
near the minimum cost per foot attainable for
that bit.

Mean
Bit Rotating Connection  Penetration
Cost Time Time Rate
Bit (5 {hours) (hours} {ft'hr)
A 800 14.8 0.1 13.8
B 4,900 57.7 0.4 12.6
C 4,500 958 0.5 10.2

[ Which bit would you select? i

1n

The cost per foot drilled for each bit type
can be computed using Eq. 1.16. For Bit
A, the cost per foot is

_Cb«Cr(tb+tc»tt) _%_
- AD ft

Cr

800 +400(14.8 +0.1+7)

By o =~ $46 81/ft
' 13.8(14 .8) $
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Solution:

Similarly, for Bit B,

Co+Cr(toste-t) §

Ci=
AD ft

Cr=
12.6(57.7)

Solution, cont’d

4900 +400(57.7+04+7) _ $42.56/ft

Finally, for Bit C,

Cb&Cf(tb-rtCott) _S_
AD ft

Cr=

4500+400(95.8+05+7) _ ¢4 0o

Cit=
' 10.2(95.8)

4

1018, Uhe vewis of i1 <OM IS sometimey sl

Solution, cont’d

Bit A: $46.81 /ft
BitB:  $42.56 /ft
Bit C: $46.89 /t

The lowest drilling cost was obtained
using Bit B. - Highest bit cost ...but -
intermediate bit life and ROP...

_l[;:) Dfillilrlg Cost Analysis e tmpered it engentog o~
main function of the drilling engineer is to olsgll- oy By A vt "'!‘."‘
recommend drilfing procedures that will result in the m oroputi :;' St doricson, o
successful completion of the well as saicly and WAL, ., & ok cased gr oy ’
inexpensively as possitiie, The drilling engineer mwst el i

make mmnn_;‘endaxiom concerning  routine £ig 5

operations such as drilling fluid treatment, pump Wge 1.3 N chnioandaL Vs projprave s Wil
operation, bit sefection, and any problems en- f_'.".’.".,."f.if.'. ‘aumm ‘:h“wmh ”mnm:::
cauntered in the drilling operation. In many cases, M!«'arMWuewm for 5 thizk Emestons
the use of a drilling cost equation can be useful in formation at 4006 1. Dnisrmine whish b gires the
making these The usual p 5 iwent mnum( Jmmw ot oof the o iy
is 1o break the drilling costs into (1) variable drilting i mu conrorthen, e that cach of the
costs and 12) fixed operating expenses that are in- S 0 i e e i oo e o

Deing Atainable for ek bx.

1.10.1 Example Drilling Cost Formula, The most e o Tma M
common agplication of & drilling vost formula is in 4:“ *% R0, IR BN
cvaluating the efficiency of a bit run. A lage fraction R o @1 gl |

o::m the time required 1o complete & well iy spent either e o3

drilling or making a trip to replace the bit, The total Beivsion, Thu o pir Tdnk Ceed You sach 1 syve
time required 10 deill a given depth, AD, can be ek JHIN P S5 D 4 T
|expressed as the sum of the tatal sotating time during

the bit tun, 1, the nonrotating time during the bit Oy XIS L1 v

R HEGES A

run, £, and tiplime, ¢, The driiling cost formula is

¢
cra B )Y .16

wmc,umuvdm!perummeuh £y s the cost
fof bit, and C,. is the fixed opérating cost o‘;ﬁw Tig per
s limc xadem-n«;icm of the alternatives being

focal %
Smce xhxs drilling cost function ﬂm sisk face The losew drilfing coms was obsaiied aving Bic

2. Criteria for selecting the best bit

¢, -GrCltrt +t)

’ AD
where

C, ——is drilledcostperunitdepth

C, ——is thecost of thebit

C, —~is thefixed operatingcost of therig perunit time

t, ——totalrotatingtime during thebit run
t, ——nonrotatingtimeduring thebit run
{ ——trip time

Example
« Calculate the cost per foot for the given data of 3 bits: Rig rate=
$400/hr, and trip time 1hr/1000”

A 2500 9206 206 15

B 4950 9732 732 58
C 4950 9983 983 96
2500+ 400(15 + 2220y

1000

C=
206

=$59.13/ fi
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2500 206 15 13.7 59.13

732 58 12.6 43.76

a W p
£
o
a
S

4950 983 96 10.2 48.13

TABLE 1.7~ AVERAQE 1!1!00"’3 OF DNLUW AND EQUIPPING WELLS

SOUTH LOUI
Ory Hotas Compieiad Weila
Mean Mean
Depth intarval Numbier Degth, ;  Cosl, G, Numdar Cupih, B;
n of Wails, 2 [} & otwsina [29)
0ta 1,248 1 123 84259 g -
1.250102,485 1 1542 85,921 3 1832
2.499103.740 8 3015 128294 2 318
3,750 104,999 L3 4348 199397 2 4,347
5,000 167,439 43 8268 276,087 47 8,
7,500 109,998 147 &954 128398 o7 3,070
0000 10 12,409 8 11,268 864,817 65 11,280
12,500 16 14,969 128 15414 1,269210 1 13,859
15,000 1o 17,493 54 16,133 2091682 49 o« 1803
17,500 10 12,999 2 18.821 3052213 7 18417
20,000 and more ® n207 5571320 1 208310

1.10.2 Drilling Const Predictions. The dri i

neer froquentiy (s called upon o predict Spthou

well we ‘n wiven location. These prodiuiions are
e

Beiiting. oo o

and well depth. Th- Iocuncﬁ ls(\h. Ml Wlll (Ve
the cost of prepacing the wellsite, moviag lM‘"’ (.0‘
u m-clun. wod the daily Oo'”lin‘ cont o( ht
drillig Far

ﬂnd l'rom ¢ﬂwl:ﬂ“ ey m‘dnul rig on a “Veu

v iras v
it average abour 330, mo/cxuy Treiuded In this
daily operating comt are such things s rig rentals,

erew bonat remtels. weork boat restals. helicopuer

tentule, welt_monitaring g
A ioaionanm e doTing. o6 O«n‘lnmm‘
ﬂm trentment. Tl mipervision, oie. The dupih af e

varien inversoly with ot COMprEEve Areng wi

sencimgtin o ihs TOCK. ibin, fock rEngth i
well wilt govern m«umﬂa:yim&mwhp‘nﬂt 10 nErease w i of Buriat beviuse of (e hger
and. thus, the ime reaquired o s compens e weil, confiniog wresmes by the welghi oF the
£ historicat drilling-cos: sdata cden. major unconfarimiies ste
renansend 1Y Ao st well depth is (he annual joi  present bn the obnortuse lEhakbgy, s DUMLEMI
soviation wvey on drilling comy publisted by (A ssaally decceaser e meriaity waih degie
APL Snown in Table 1.7 are data (o the sduth Under these sonditions, (he penetrarion raie can be
i armx fakem feom the 1978 joint awosia ettt @ deoid, D, by
ey, Approxiniate driliing cust sstmetes wam by A K, 8
Based om istocical data of (hiviyve ) o TR, i g o, 0%
Drilling sosts tend (0 incresss sxponentially Wit
dupti. “Thius, when cusve-fitting drilling cost s e e Kand o \? Syl s et i, 14
B Barean O e Toaegs k. SeoMrating
h C 2 “vm t’, varisbles ﬁm
MBI i monnsia v v 3 e sl @an xg"...§ 2D,

e conseans @ and & depend primarily on the
ol i Shapes o Pl LS x5 JoAst-sauRCS
warve (F: of the south Louisians sempletsd wail data

won i Table 1.7 far & depth runge of 7,300 0
about 21,000 e Fo rxhalm @ hax & value of
al xa0> Aomw e & value af 2% 1G°*
AT, Shown in Fig. | “b in 2 mors convenional

{nterating and soiving for £, vietds

‘4*7:35&—';2#:"""—13 sxsixiprmasee SHVRE
As expericncn i sained In an woes. more svcuras)
w-.h:ms of drilling time can be obuined )
t v, driling e past driing
Ploes of this typer alio mre wed in|
evaluating oew drilling procedunes desigaed 1 reduced

e
When 4 e n«mm Meilling com pesdiction

noeded, & cost analysis dased on @ detailed well ian dmu...x.mw.mmumh

e b wade. The vust of tangibis well

{such as anet the ing the suelace

Ioeation wastly cun ately. The cose e bit souoeds fia x

watl dgitied inf
he South China Sea ate sown in Tadle t.8, Mak
e and

{rowm  considerations 9 wOS, Other Mmm‘ e r- v;“ pan«(‘u‘wn cary A s
mxm‘ Ieansporration  eoete, rotat or SEiE Srea WA SIIITE FADEE.
e evisiow oot o ronaiced 15 couhstio. the e Of Bq. 1.1% Tor preduiimg drsthing

e aiore e well 1 exEimALcd O The busis e this wre.
o€ rigup et i (e, Tp e, Cowng S
thms, om and borehole Solwdian. t! st

sirvey time, comotetion dme and touble e
Frouble time inchudes time spent on hale probiems
such as stuck pige, wall contrul eperations. for-
me expenditures AWAyE

o vkt bi g ord
and

Tive soratant 2303 & » conventens sonting faror s

Drilling Costs

»Tend to increase exponentially with
depth. Thus, when curve-fitting drilling
cost data, it is often convenient to
assume a relationship between total
well cost, C, and depth, D, given by

C=ae? ... it LAE)

16

Drilling Costs, cont’d

Constants a and b depend primarily on the
well location.

Shown on the next page is a least-squares
curve fit of the south Louisiana completed
well data given in Table 1.7.

Depth range of 7,500 ft to 21,000 ft.
For these data,
a =1 x10°% dollars
b=2x104ft-1.

3000 —ryrrmr—TTT 3000
0,000 10,000
: :
z £
5 a
W 1so00 g 1saco
20000 20,000
PITETTe PRI L 4 L 73 i
o 10 100 o § 2 3 “ s L]

MILLION DOLLARS MILLION DOLLARS

(@) CURVE FIT o) CARTES!AN REPRESENTATION

Fig. 1-85. Least-square curve fit of 1978 completed well
costs for wells below 7,500 ft in the south Louisiana areal®
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19,000

§

18800k

DEPTH (£1)
8
DEPTHIFL)

TTTTY T T
B
s

20,000 - 20,000

N [
MILLION DOLLARS

) CURVE FIT

S " F—

MILLION DOLLARS
i) CARTESIAN REPRESENTATION

Fig. 1,85~ Lanstacuans curve fit of 1978 cormpleted well sosta far wells bulow 7,500 1 in the south Louisisna asea,

Penetration Rate

When major variations are not present in
the subsurface lithology, the penetration
rate usually decreases exponentially with
depth. Under these conditions, the
penetration rate can be related to depth,

=S D
L _Ke 2D ( 1.18)
dt
where K and a, are constants.

Drilling Time

The drilling time, {,. required to drill to a
given depth can be obtained by separating
variables and integrating. Separating
variables gives

K éf“ dt = [° e2¥ a:04p

0
Integrating and solving for t; yields

D

1 |
b= (2™ gy .
4= 2303k " (e

20

varies inversely wit Ol CcOmp
shear strength of the rock. Also, rock strength tends
to increase with depth of burial because of the higher
confining pressure caused by the weight of the
overburden. When major unconformities are not
present in the subsurface lithology, the penetration
rate usually decreases exponentially with depth.
Under these conditions, the penetration rate can be]
related to depth, D, by

dp
=K e—2303a;D

dt
where K and a, are constants. The drilling time, 4,
required to driil to a given depth can be obtained by
separating variables and integrating. Separating]
variables gives

KS"’dts SDez--"”“:DdD.

o o
Integrating and solving for ¢4 yields
oDl YRR | i b (1.19)

1
1y = sagiaple

Spcra\ti'zn'xs.r Plots of this type also are used in
evaluating new drilling procedures designed to reduce
drilling time to a given depth.

Example 1.6. " The bit records for a well drilled in
the South China Sea are shown in Table 1.8. Make
plots of depth vs. penetration rate and depth vs.
rotating time for this area using semilog paper. Also,
evaluate the use of Eq. 1.19 for predicting drilling
time in this area.

Solution. The plots obtained using the bit records
are shown in Fig. 1.66. The constants K and a; can
be determined using the plot of depth vs. penetration
rate on semilog paper. The value of 2.303a, is 2.303
divided by the change in depth per log cycle:

2.303
=0.00034.
6,770

The constant 2.303 is a convenient scaling factor since

2.303a,; =

TABLE 1.8 - BIT RECORDS FROM SOUTH CHINA SEA AREA
Yotal Avarage
Depth  Mean Bit Drilling  Penetration Hole
Bit Out  Depth Time Time Rate Size
No. {t) (f1) {hours) {hours) (ftihn {in.y
1 473 237 1.0 1.0 473 15.00
2 1,483 978 50 8.0 202 15.00
3 3570 2527 185 245 113 1225
4 4080 3825 8.0 3285 84 1225
5 4583 4332 7.0 39.5 72 12.25
8 5084 4839 70 48.5 73 12225
7 5552 5328 14.0 80.5 32 1226
8 580 572 1.5 720 30 1225
] 6,103 5998 8.0 81.0 3 ?423
10 832t 8212 1.5 925 19 2.25
1 8,507 8414 9.0 1015 21 12.25
12 8,773 8,840 9.0 1105 30 1225
13 7,026 8899 85 120.0 27 1225
14 7,260 7,147 8.0 128.0 o 1225
15 7, 7 18.0 144.0 18 85
18 7,667 7,587 120 158.0 13 85
b2 7, 14.0 170.0 85
18 8179 3,084 8.0 178.0 2 85
19 8 8,292 10.3 188.5 21 85
20 8,628 8518 11.0 199.5 20 85
21 8755 8692 70 208.5 18 85
2 8,980 8858 10.0 218.5 21 85
2 9145 9053 110 2215 17 83
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number of birs required per 1,000 18, Vp, at 2 given
deptis can be approximated by dividing the drilling

Inwmeam.mmbcr«mm 10 umpnxmn.:, by the average bit life for that
well {s too great 10 ireat cach {rip individually with  depth interval:

canvenieace as was done in .7, The time

eq; per round trip s relatively constant aver & N;-T.

l‘ﬂ»nm total irip time roquired per L - £

1,000 ftis equal to the time per ronnd  The drilling time reguired 10 deill from D @ (D+ 1,000y

iip times: the umber of trips per 1,000 fi. The  can be obtainad using Eq. 1.19.

FEXETRATION RATE (F1./ We)

050 1055 LR e £

1w {e

303as K
s rrrTy Ty Ty t §
St gD 1Yy,
2.303a:K
w00 ;
-3 o0
H e
£ vice -
¥ i
14
3 00
000
r 00
E g A
ot cpute o
ST NN @ Bd % T T T
CUMULATIVE GRILLING TIME (Nes ] CUMMULATIVE TS TIME, res.
g it el Fig. 147 - Examaia triime plot for South China S
e

Sod s

2]

TABLE 1.9 - EXAMPLE TRIP-TIME COMPUTATION

FOR SOUTH CHINA SEA AREA
2] 8
{ 3) Cumutative 5 Next
1 Depth, D, Trip Time Trip Time Depth, D Casing Depth
Trip No. {ft) {hours) {hours) it iy
1 500 0.5 a5 2,298 2000
2 2,000 20 25 3,205 7,500
3 3,205 3.2 57 4,067 7.500
4 40857 4.1 2.8 4717 7,500
§ 4717 4.7 1435 5,256 7500
8 5,256 83 19.8 5711 7500
7 M 5.7 255 6,105 7.500
8 6,105 8.1 313 8,452 7500
9 8,452 6.5 381 8,762 , 2,500
10 6,782 6.8 443 7,043 7.500
11 7,043 7.0 519 7,298 7.500
12 7.209 7.3 58.2 7,534 7,500
13 7,500 75 €8.7 7,724 9,150
14 7,724 7.7 74.4 7928 9,150
15 78 823 8,118 9,150
18 8,118 8.1 0.4 8,298 9,150
17 8,208 8.3 88.7 , 8,150
18 8,487 85 107.2 8,827 9,150
19 8827 88 115.8 8773 9,150
20 8779 8.8 1248 8,923 9,150
21 923 88 1333 9,061 9,150
22 9.081 9.1 1428 9,182 9,180
23 9,180 8.2 1518
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B egn a4 the Bt size and Bit type ae chanped.
K. 1.0 and 1.2 can be usd ta cppimate e o6l
i tiese voquired v Gl 10 2 given depth sy
extimatid vauew of 4, Ty, 4y 30w K. Ay ixperience iy
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peesed o shown s Table 1. Co. 2 obelecd by
i«mmumumom
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semilog paper is based on common logarithms. The
value of K is equal to the value of penetration rate at
the surface. From depth vs. penetration rate plot,
K=280. Substitution of these values of a; and K in
Eq. 1.19 gives

14=10.504 (£9-00034D _ 1),

The line represented by this equation also has been
plotted on Fig. 1.66. Note that the line gives good
agreement with the bit record data over the entire
depth range.

_1030(e""0 _q)f

|

drill a well is the trip time.

followed. The time required to

refation

5
where 7, is the trip time rcqu
resume drilling operations, {,

needed to determine ¢,

ad by 2 cingla bi

A second major component of the time required to

The time required for

tripping operauom depends primarily on the depth of
the well, the rig being used, and the drilling practices

change a bit and resume

drilling operations can be approximated using the

ired to change bits and
s is the average time

reqmred to handle one stand of the drillstring, and I
is the average length of one stand of the dnllstrmg
The time required to handle the drill collars is greater
than for the rest of the drillstring, but this difference
usually does not warrant the use of an additional term
in Eq, 1.20, Historical data for the rig of interest are

The previous analysis shows that the time required
per trip increases linearly with depth. In addition, the
L fontase drille

tiende o d auith

The previous analysis shows that the time required
per trip increases linearly with depth. In addition, the
footage drilled by a single bit tends to decrease with
depth, causing the number of trips required to drill a
given depth increment also to increase with depth.
The footage drilled between trips can be estimated if
the approximate bit life is known. Integrating Eq.
1.18 between 0, the depth of the fast trip, and D,
the depth of the next trip, gives the following
equation:

D= ——l—an 303a, Kty +e> 0% D0y,
2.303a,

The total bit rotating time, ¢,, generally will vary
with depth as the bit size and bit type are changed
Egs. 1.20 and 1.21 can be used to estimate the tota
trip time required to drill to a given depth using
estimated values of 7, f,, @, and K. As experience it
gained in an area using a particular rig, more accurate
predictions of trip time can be obtained by plotting depth
vs. trip time data from past drilling operations.

L(1.21)
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ple 1.7. Construct an approximate depth vs,
rip time plot for the South China Sea area if the rig
handle 2 90-ft stand in an average time of 2.7
inutes. Assume an average bit life of 10.5 hours for g g et s
he entire depth interval. Use the values of ay and K 2
pbtained in Example 1.6. Also, the casing program i
kalls for casing set at 500, 2,000, and 7,500 fi. The
lanned well depth is 9,150 f1,

ution. The time required per round trip at a
iven depth is given by Eq. 1.20:
u=2(2 ),
¥

2.7/60
L =z( )p=0.001D.
e approximate depth of each trip can be obtained
rom the casing program and Eq. 1.21. The use of
L L21 gives

0.000342;
D= 0000341“ [0.00034 (280) (10.5) + ¢! ‘1

=2,941 In (0.9996 + /000340,y
he first bn wxll drill to the fis rs: usmg depth. Thus.

|

1 g;,

b
¢
b

CaspaEe

ERYBERASFFERT e

£
s

Dw
2.

e

¥
b

RN

In(2,303u_-K1, e Mo D,y

ruven

&
i
5
i
.

i

P 1000034 (296 £10.5) + " X04D

0.0
=941 In {0.9966 « P UHHLy

TRGLE 17 EXAMPLE VRPN LIRS T AT
Pt pey

3
4= —-;Q)ow,ml o i
Cumdatve et H
TrioTime | ToTme Owhd ComngDeth
riphe R R h.3 )
D>Casing asom i’
Q=Casing 2
! 500 o5 85 29 00 4
b4 200 2 25 ams = 7:
3 3205 32 57 ws7 ™ o
4 057 41 28 7 00 3
5 «2u 47 45 s2s8 700 0
s 525 53 192 7w e &
? S0 57 284 5104 e B
3 e 61 L5 648t 7300
9 6451 85 8o 5M2 w0
0 6762 63 “a e 7500
i na 74 513 799 00
2 729 73 se1 7534 =0
3 750 25 65 7 9150
14 wn 7 243 9% Eo bl
i % 79 a3 a7 us
% 1w E 3 «®A 8297 9150
7 uy 23 987 3467 aw
] 8467 a5 w1 882 s
9 8z a5 158 879 9150
A 33 45 e ns
2 29 39 135 %061 s
2 9061 al M5 293 150
ET T 92 112 2%

iring are

rT—
g (™% <1 )from Table 1.9, the trip time per 1,000
2.303 a.K “Hobe

v

sy

This equation simplifies o ¢, w
220 o

¥

133.5-82.3 = 31.2 hours,

100y &
Muitiplying (he number o bits per 1,000 fi, ,\"., by
ihe time per round 1ip yields trip tine per 1,000 12,

PR

Example 1.8. Compute for other plannc:
Tor the Sowth China Snuuquxomw extimated. Th
9000 ft. Lise the conditions stated in Example 1.7, wimily can be

an'th‘n:wd e el fie

£t is determined using Bq, 1.22,
O KUK 0
T

Thug, e number of dits required tetweas §,000 wd
D00 fe iy
casing size,

tha: suttage equipment on each

N S o SO
5= ’5.‘&’ £.15.

Multiplying the trip time per trip by the number of
trips required yicids

56,153 = 323 hours,

This compares Tivorabiy with the trip tiase roqum
between 7,926 and 3,923 ft computedd in Exsmple

mud conamination, lost circulation,

In additian to predicting the time requirements for
deilfing and iipping operations, time requirements
d drilling aperations alse must be

Solution. The average trip time can be emimated 99, (3} format on
G 3 @ placement, (5) well completion, and (6}
s B;; 2::" S Sk drilting com atsociaied with wllite
Xk epariion and moving the Incation depends
few {8,500) = 8. hours, Lad T O T o

primarily on ;
and the type of rig used. The cost of formution
evaluation depends on the aumber sl cogt of the
and tests scheduied, plus rig time required 0

deptha, 3
coMs nho st inclugde the rig time requited for
runniag mmu the casing strings, riggiag up

mgdnwummmmwwnfmm:w
and this cost extimats i often made by Ui produstion

engincer.
On many wells, & large fraction of the well ot
may be tecause of unexpeaed drilling probiems suck

o
drilistring, broken drilisicng, copruzed casing, e
These unforesecs costa cannol be predicted with sy

i

and

stk

This mum :an umpﬁﬂﬂ o
Wy

2308, X

Multipiying the auaber of it per LU0 1, N, by

(e cime per rrind trip vieids 1rip time pee 1,000,

gt 2] ¢ SRSy | It

L

Evarple 1.8, Compute the trip thme requirements
for the South China Sea area between um and
9,000 1. Lise the conditions stated in Exampie 1.

Salurian, The average trip time can be e
wxing Eq. 1.20 for 2 mean depth of 8,500 fi.
4= Ma,fm)ua.s ours,

{The driling tme roquited o drl from $,00010 9,000
fris determined wsing ¢, |

gdonumsans, . 5
P B ———— w1364 6 hours.
o e

Thus, she number of bits required betwesa 8,000 sad
9000 ft i

Rl o 258
Nym g mbits.
Multiplying the trip time per trip by the number of
txigs reeguiced viekss
8.3(6,15) = 52.3 hours,

‘t’hh compares favarably with the trip thme requited
between 7,926 and 8,923 %t computed in Example

1.7. From Table 1.9, the trip time per 1000 i is
shawn to be
1235~ 82.3 = §1.2 hours.

I addition to predicting the tims requirements for

shilling and tripping operatians, tme requirsments

for other planned drilling operations also must be
These

estimated. additional  drilliag operations
usuaily can be froken into the categories of
(& )"- IM rl‘,‘m‘

[$3]
up, (3 formation evaluation
(4) caring plwcm«& {3) well wmpmiou, and (6)
drilling probiems. <ot assosiated with well
preparation and. mﬁu thie £ig on location dzsvend
primarily on the terrain, the disance of ihe move,
mu the type of rig used. The cost of lurmadon
aluation depends on the nmb«mdm of the
ln;a and tests scheduled, plus rig time required 1o
eoudz.«un the drilling fluid and ruo the logs aod tests,
ertgtnnty 4

depths, diameters, and weights per foot.
conts alio mus include the rig sme sequired for
running and cemeniing the casing strings. tiggiag up
the sw!:::‘mmdl "ou cuch culnl g size, and
pernaps mg the drillpipe: or drill collar sizes 10
e new hole size, The cost of complet-
ing the well depends v the type of completion used,
ud xMu oSt estimate is often made by the produstion

Dnmnyweﬂx.a!u‘l fraction of the well cost
iy be because of wnexpested drilling probisms such
ax mud contamination, lost circuiasion, smek
drillstiing, broken drillstring, ruptured casng, ew.
These unforeseen costs cannot be predicted with any

degree of accuracy and in some cases ar not included
in an original cost estimate. Raquests for additional

funds then must be submitted whenever a significant Tetal
problem is encountered. However, long-range Resuired
economic decisions concerning a drilliag program in Drilfing Coeration fhours)
a givea area should include average well costs due 0 Driling &t
illing problems. Tripping 38
In arcas where formation srength s low, time  Fog® Lo
spent drilling and tripping may account for only borehale survers ©
about one-half to one-third of the total time nesded Casing placement 18
1o finish the well. Shown in Table L10is a detailed  Well complation m

time breakdown for an offshore Louisiana well
drilled to 10,000 ft using 2 small platform rig tender.
Only about 36% of the time required to drill and
complete this well was spent drilling and tripping to
change bits. About 7% of the time was spent
“fishing’* parts of the drillstring from the hole,

TABLE1.10- EXAMPLE RIGTIME ANALYSS
FORTENDERED RIG

Time
Feaction
[
(3]
07

668
610
[51]
6z

Cost per ft for one entire bit run

EXAMPLE - Cost per ft
{t R D TomiCest ¢,
Chr fph ft $ Sift
H i
i 5 90 475 38950 77.80
110 80 e00 47,800 5310 |
10 60 1800  £9.200 433 |
125 S0 1875 79750 4230 |
30 40 2106 200 4300
38 3 2275 100550 4420
140 20 2400 110300 46.20

These cost data are plorted below

[
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A cursory anaives quickly shoms a8 well comes ane en & lnwear v of dept A Bigh eser
pobmeal. wach 1a
B e vcse ey tott

wheze B i the compbossd woll cony, 3w the depths of ste well, ad < dre fiated paranecs, G e
el s prons well coses ¥ 3 farrron of SR Howevst 1 I8 e olwions Wha oae gl
wonid Desy §e e shats s any Seees S5 wdl tpaate 3t jewe four pasimewes, if aee a1 nonag
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- e 2 209 2,000 6. dne Angwec: Thribdle 1ig (5134,300 vs. I
M @ pewn ) § =
1 B ed 23 "y L =
3 1,928 1.3 i3
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i late the costs 1o build and

19.2 Refer to Figs. 19-7 and 19-8 and caleul

u\:li:\lain asiS.Oa!blgal tignosulfonate mud for 60 days. Compare it
with an oil mud. Assume a 750-bbl system.

19.3 W!h;n are the cement pumping charges for a 15,000-ft well onshore
erelnincic 5.000 ft of 6-in. pipe.

194 Determine the cost to run | t of 6~

l:.S 6‘(’)4( sand zone will be perforated with 4 shots/ft. 1f the zope is at
20.000 ft. what will be the perforating charge?

19.6  Why is a 20,000-1t high pressure well more ex
pressure well at the same depth?

pensive than 4 normal

o L s 1iB A s program is besug prepared
ok she puinp presure o v s ko D Tamnet rovond o
--‘tuu” Fsditie at moaximwm Sydomiie BoF acachy wells, Ding rocueds ivt tioe bis ave shows

h‘f‘"“ comtdinate papes. lmmmm‘o& inskiv for 2 thick shale sexsbam enconntered at 12,000
n Dessossise whicls it gives the kawest drillig o8
M*Mﬁ(‘wafmn'mﬁ 00 e wnd
Qhuvﬁml‘ﬁm\n‘t Comwanm tee 1 8
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a. Plot a depth vs, rotating time curve for this
wedl.

b. Evaluate the use of Eq. 1.19 in this area.
it ¢. Assuming that the rig can pull thribbies at an
t7.3  average time per stand of 4 minutes, plot the trip tme
per irip vs. depth. Answer: 1,=0,00148 D.

124 Thie futbowing bit teconds were obtaised i & 34 8,060 25.3 120
welt drified ia Maverich Coussty, Teas. a5 8,494 270.0 120
+ B o B : = E
i » s 3.4 85
1 A0 8,778 8.5 8s [ ‘
: 41 9.661 179.3 83 . - . - . .
: | u o 2 1.25 Two rigs are available for drilling a well in
I a4 e 14 53 southern California. One rig costs $800/hr but can only
S W oas 55 pull doubles. The other rigs costs $1,000/hr but can
48 10,661 36.1 85

pull thribbles, In this area X is 200 ft/hr and 2.3034,
is 0.0004. The time required to pull one stand is about
4 minutes for both rigs. Considering only the cost of
the tripping operations, which rig would be best for
a well drilled to 7,000 ft? Assume an average bit life

23

5 173 d. Using the bit records, make a plot of total trip . N :
E 53 time  dep. of 10 hours for all bits and casing serting depths of 500
>0 173 ¢. Comparc the performance of Bits 34 and 35, = : y
» 9 A cume a daily operating cost of $24,000/D, a bit and 2,000 ft. Answer: Thribble rig ($151,200 vs.
i 125 cost of 53,000 for Bit 34, and a bit cost of $12,000 for $181,400)

Bit 35. Answer: 3365/)t and $6794ft. ! :
Wall depth = 10000 % %% [ ]
Bit costs =~ $200.00
Rig costs = $100.00 per hr.

Round.trip fime = % hr. per 1000 ¥,
Big weight = 40,000 pound
Hotary speed = 150 APM
Bitwear, b= 15

Bit ite = 10 hours

Sy
Duolate:friviay 75 ANUST201

Determine the optimum bit weight

Solution:
Ustag Equation 4, 5 = (WP = 1040,000)*

i (100X 10X40,0008%  jv+
wopt = % ‘»‘zt“"‘"—"mmwxsnl

"™ $0.000 = 60,000 paunds

To show the efect of b consider a change in the bit wear function from
151t 2.0,

Wopt, = [ﬂl‘%& 40,000 = 47,480 pounds

To further emphasize the effect of b. congider a doubling of the rig operat-
ing cost from $100 to $200 per hour.

= [£200020) "
Wopt. = [-EUARN 40,000 = 00,400 pounds
It is noted in Example 3 that an increase in the bit wear function of
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ADVANCED DRILLING
ENGINEERING
CHAPTER §

‘HOLE PROBLEMS
DRILLING
PROBLEMS

HOLE PROBLEMS

Avoid hole problems and
stuck pipe if at all possible
to reduce costs

4/28/2015



Typical Drilling Time Breakdown

Inefficient “Making Hole!

Productive |

Time
50%

Impact on the Industry

* Biggest Impact - HSE . I
- Msts tifiting woobies 7w Example: Stuck Pipe May

also associated with Require Jarring'which can
increased risk to personnel i
lead to dropped objects

Example: Lost Circulation may lead to Lost of
Well Control, resulting in potential Damage to
the Environment, Fire and/or Harm to

. ' . Personnel d
\1'/
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Sources of NPT — Deepwater Industry Example

SEARCH 1

g Days el 330
Hap WOT Days: 31

&g WPTH s Dir g D 32%
&g CostdTY: 52,560

Equipme
Problems

Top Sources of Downhole Problems

1. Downhole Equipment Failures
2. Downhole Cement Problems

Stuck Pipe

Lost Circulation
Wellbore Stability
Well Control

B Ll
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Downhole Equipment Failures

* A single equipment failure can
« Compromise the integrity of the well S
* Cost Millions of Dollars to Repair '
* Common Equipment Failures
*Casing
*Drillpipe -
* Downhole Motors ‘(\
* Downhole Measurement Tools
* MWD
*LWD Vector Motors

Www.nov.com

Downhole Cement Problems

* Cement Left in Pipe
* Premature Setting

* Surface Equipment
Pump Failures

* Cement Not Setting
Properly

* Cement never sets —
“Bad Shoe” or “No Shoe
Test”

* Cement allows for gas
migration

* Cement seeps away
into faults or fractures —
“Partial or Total Losses”

Picture from Halliburton website:
generic example of a cemented
wellbore

4/28/2015
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1 FORMATION RELATED PROBLEM
2 TIGHT HOLE PROBLEM
3 LOST CIRCULATION

4 HOLE CLEANING PROBLEM

*5.Problems Caused by Disturbed
Geology

6.Pipe Stuck and MECHANICAL

1 FORMATION RELATED
PROBLEM

« SLOUGHING

* OVERPRESSUREED
FORMATION

« UNCONSOLIDATED ZONES

« TECTONIC WEAKENING




4/28/2015

Problems Caused by Shale Instability

Terms frequently used fo describe froublesome shales are. sloughing shale, heaving shale. running

shale. shale, mud 'g. plastic-flowing and pressured shale. Besides entarged hole due
to shale sioughing, ofher problems which oocour include:

¢ ftmproper mud weight

® Hole deaning dificulies

- ww

* Bnidges and fil on ¥ips

* fnc d mud volume and g costs

* Poor cement jobs and cement requ

* Well loggmng peoblems
* Lmmited sidewall core recovery
« Tight hole

Factors Causing Shale Instability

* Teciomically stressed shales

¢ Abnormally pressured shales

* Erosion due 10 high annular vefocities

* Drill string whipping. knocking shale off the wall of the hole

* While tripping. the dnll stnng dislodges shale, either by direct contact or swabbing action.
* Dissolving salt within the formason

* Wud filrate or whole mud invasion of the formation is mechanical. The subsequent effect is
chenucal

® Annuiar pressure losses in excess of 50 psi/1000 1. This can cause wellbore erosion and
nstabilty even in laminar fiow

| Shale Slough,ing |

@ Sloughing shale

»Four causes of sloughing shale
—Water sensitive
—Tectonically stressed
—Qver pressured
—Combination of above




BOREHOLE PROBLEMS

I. WELLBORE INSTABILITY
A. Shale Problems (Chemical- Physical)

1- Indicators of problem shales
1. Sloughing shale.
2. Hole enlargement.
3. Bridges and fill on trips.
4. Stuck pipe and fishing difficulty.
5. Hole-cleaning problems.
6. High fluid-maintenance cost.
7. Solids-control problems.

3. Stabilizing shales through inhibition.

Table 1 lists the chemical and physical
process used in stabilizing shale sections
and typical fluids which employ these
stabilization mechanisms.
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Table 1. Shale Stabilization Mechanisms and Their Applications

Categories Fluid Type Stabilization Mechanism Application
Electrolytes utilizing sodium Cation exchange Soft, highly-
Fluids chloride, potassium process Li+, Na*, K*, dispersive

systems, gypsum and Mg*, Ca**, Al*** hydratable shales,

lime muds, aluminum , shales high in

complex systems | i I montmorillonite

(ALPLEX ™) ::i:'“ hg Fepiscemant and large
percentages of
mixed layers with
swelling
tendencies.

Polymer NEW-DRILL®, Encapsulation

NEW-DRILL HP,

NEW-DRILL PLUS,

(hydrolyzed

polycrylamides)

NOTE: Application of inhibitive fluids should be preceded by thorough analysis of
mineralogy and dispersion testing.

(Continued) Table 1. Shale Stabilization Mechanisms and Their Applications

Categories Fluid Type Stabilization Mechanism Application
Asphalts PROTECTOMAGIC®M, Plug and seal micro- Medium hard,
And SHALE-BOND™ fractures reducing filtrate moderately-
invasion between dispersive shales
Gleonites bedding planes with sloughing
tendencies.
Shale high in inter-
layered clays.
Sometimes high in
Illite and Chilorite
Oil Muds CARBO-DRILLSM Oil external phase, Highly-dispersive
SYSTEMS balanced activity of water and fractured
phase shales with
sloughing

tendencies. Hard,
brittle, indurated
shales in which
moderate
dispersion exhibits
severe sloughing.

NOTE: Application of inhibitive fluids should be preceded by thorough analysis of
mineralogy and dispersion testing.
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B. Mechanically-Induced Borehole Problems and Solutions

Many borehole problems encountered while drilling
are the results of improper drilling practices.

Table 2 outlines typical borehole problems which are
mechanically-induced, and recommended solutions.

C. Unconsolidated Formations (Sands,
Gravels, etc.)

1. Indicators of Unconsolidated Formations
1. Rough drilling.
2. Hole fill, torque and drag on connections and trips.
3. Frequent packing-off and bridges at specific depths.
4. Large amounts of cavings and/or sloughing shale

after bit trips.

5. Re-drilling of footage.
6. Mud loss.
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2. Remedial Procedures

1. Increase low-shear viscosities to improve hole cleaning.
2. Increase mud weight, if possible.
3. Assure laminar flow to avoid mechanical erosion.

4. Combat loss of circulation with viscous pills containing
LCM materials.

5. Use SILDRILL mud.
6. Utilize cement squeeze.
7. Case off hole.

D. Evaporite Deposits (Stringers and
Massive Salt Sections)

1 Associated Problems

1. Excessive washouts causing reduced hole cleaning
and/or undermining (caving in) of the formation.

2. Dissolved evaporite (salts) contaminate mud system.

3. Directional problems (unwanted sidetracking).

2. Indicators
1. Saltin cuttings or increased chlorides without in- creased volume (no water flow).
2 Flocculation of freshwater muds.
: Increase mwm.(mwuy

3. Remedial Procedure

Change to oil mud with balanced water phase.
Convert to near-saturated sait system

Iincrease low-shear viscosity to improve hole cleaning
Dill evaporite deposits and run casing

Awps

BOREHOLE PROBLEMS

Il. Loss Of Circulation

A Causes
4- Fractured Formation

®  Natural fractures may be indicated when losses
occur during or immediately subsequent to
rough drilling or sudden formation change.

® Induced fracture are indicated where losses
occur while tripping pipe, breaking circulation,
or raising mud weights. Causes include
exceeding the fracture gradient with excessive
mud weights or high surge pressures, and

Table 2. Mechanically-Induced Borehole Problems and Solutions

Problem Cause indicators Solutions
W flow rates.  Mixed sizes and shapes of Alter rheological
Erosion Drilistring cuttings, lag, rties or reduce
Inadequate Rheo pump output to
logical Properties. ensure laminar o
transitional flow.
Reduce drillstring
diameter.
Gas cut mud, excessive Raise mud weight to

Hydrostatic P! or
cuttings, hole fill after pressure
formations. trips.
Pipe Whip Excessive rotary Cuttings-small mixed Slow rotary speed.
shapes of different types.  Ensure drillstring is
not in tension in tension

Swab or surge  Excessive pipe Loss of circulation, gas, Reduce pipe running
pressures running or pulling oil, or water intrusions on  or pulling
speeds. High gel Large quantities of Condition mud to
strenghts, improper  fill and debris after trips. reduce gel strengths.
driltstring fluid

|_.,,Sha_le Sloughing |

pWater sensitive

»Shale has highly reactive clays

»Usually associated with younger and
softer shale

»Absorbs water

»Use a more inhibited mud —
depending upon how long the
formation will be open
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Shale gloughina ,

@ Water sensitive
»Salt can be added to the mud — sodium,
potassium, magnesium, calcium
(potassium is most effective)
»Some polymers will help fo inhibit shales
»Lignosulfonate muds used to tolerate
higher solids content

>Qil or synthetic based muds are the only
muds that will truly inhibit the shales

»Reduce AP fluid loss?

-r;;--nJDJnu-- the ®)

=== Tiydration Iuuced SToughing

Ton wsiz tyges of hplcssios edcisaises oRlch wcay
sloughing Bace twen (deatified. These sre sarface -nuzm
and ssssctc sbescption. Tha degrae of resccion cassad by
sacfacs Xgdration ts affected by several fsctors. These
faclode:

the Eype af clays presesr ix the shele

tha sbilicy of che shala o cuke ia sater

the coscentciticas sad types of maits presenc

Ehe asccessfbflicy of the watec co Che fkydraceble

cLags.

~ che ghgsicsl lstegrics of the Cocmatios after hydcstion,
-

K

-~ the pressnce of vesldeal (seds, sech s geergcessers ar
tEeTents Sreesses.

Fuwe co the cospler structacsl celaclonshiip Detwews Che shals
platelecs sud clsys, Che severity of siscghizg Is sften xec
directly related co the dogree of bpdracablliioy of the elays.
Huny caves of wevers & wecae (G ebales whecs che
clays baez o relatlwely Low af€inity for watec, sack ae in
che came of flltte.

demstic abwscptics comsricstes the siler wels sasrem of

Feduced Gresclc pressere (a develeps
*hes tws Flulds of di€ferset salintty sre sepscaied by =
sent Weter ecenrs in =
Alvection whick tewts to equalize che salialcy of the twe
Flaids. Fresh satec weds hawe lower salicity chsa the gore
flaid fo mouc shales. & steumg stecaetien for the Ertliling
finld wetec is thecefoce developed by the Ferwmszlem. This
sadesicable sitwacian cesnits n scceleraced races of stale

2. Shale hydration (surface adsorption and
osmotic adsorption) will result in two distinctly
different problems.

a. Swell 1T C -Expansion of ciays due to intake of water. indicators -8it baliing,
mud rings or gumbo attacks, hole washout efliptical well bores. fine solids buildup

. DiSPersion -me asintegration of shaie body dus to weter contact

Indicators -Sloughing shale, bridges and fill on
trips, hole-cleaning problems.

| , ,Shalg §Ioughina ,

@Tectonically stressed

»Usually associated with heavy
faulting near mountains and thrust
faults

»Drilling high angle wellbores

»>Increasing mud weight will stop it
depending upon the stress imbalance
and degree of water sensitivity

»Formations are less stable when
drilling at higher angles or horizontally

e protier may be feiner aggrwsaed 4 The beddmg Sianes Dacome sol wa ater & of D Atcha
e Saag: shaes of i ATt T o buert X G Seaties Ol Shuien 2 300 Lis
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‘Shale Sloughin

¥

@ Open hole log
showing stress
related
sloughing with
elliptical hole

£ oaoy Em-; 4 £

N P S [m“mmm
A forwation is coasidered aeverpressured if o pore pressece

is ceasidecably greater chaa cthe hydrestactlic pressuce of a
water columm Ca the sume depth. Jverpcessuced somes ssually
camntain pere pressures greater Cthaa hydcostatic pace
pressures. The existeace of abuocwul pressures may be due
ca:

aquifers

formations chacged by higher pressure zones

apliftiog of  nermally pressured zome to a lesser depth
facltiay aad structural distucbance

conpaction of matrix and tramsfer of owerburdes [oxd to
poce spaces

The high pressure zoae may coataie fresh water, salt water,
gas, otl or acher flufds withia the pere spaces.

Overpressured formations of low permeability are detected
while drillimg by:

facreases ia backgrouad sad cemnectiom gas
imcceased fill om bottom

change fo cuttings size aad skape
facreases Lu torqee and drag

change in filtrate chlorides content
imcressed flowline tesperature

decreases in shale bulk deasicy

{ O I O [

Some Causes of Abnormal Pressure

1. Incomplete compaction of sediments
— Fluids in sediments have not

escaped and are still helping to
support the overburden.
2. Tectonic movements
’ Uplift
* Faulting

Some Causes of Abnormal Pressure

3. Aquifers in Mountainous Regions
— Aquifer recharge is at higher
elevation than drilling rig location.

4. Charged shallow reservoirs due to
nearby underground blowout.

5. Large structures...

|i_ Shale Sloughing

@ Over pressured shale
»Mud weight in wellbore is too low

»Pressure differential exceeds the
tensile strength of the shale

»Fails in long, thin pieces
»Increase mud weight

shale
»The shale has

sloughed in long
thin pieces
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|.Well Kicks

It is the entering of the formation
fluid to the wellbore.

this occur when the formation

pressure exceeds the hydrostatic

pressure.

A blowout is uncontrolled kick.

Well Kicks

*Overbalance.

sUnderbalance.

eFactors controlling the kicks severity:-
1. permeability.

2. underbalance.

Reasons for Kicks

Insufficient Mud Weight.
Swabbing.

Gas cut mud.

Failure to keep the hole full.
Lost circulation.

i o

1.Insufficient Mud Weight.
The formation pressure is higher than
the hydrostatic pressure

2.Swabbing

A negative hydrostatic pressure
causing reducing bottom hole
pressure

~ The speed of the drill pipe pulling.

Mud flow properties; yp, gel.

Hole geometry.

Balled up string.

YV Y

3.Gas cut mud

@ [ SBBLS |m-
1250 160 320°
4BRLS
2500 o
5000 28BLsS
a0
=

IBEL| ooh g ; & = Z

10000 bt vei || 62508 | | 62000si 6150ps | 6050 psi

1 BBL Gas Influx without closing the well

4 Failure to keep the
hole full.

5.LOST CIRCULATION
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Indications of Kicks

Changes in mud gas.
Drilling breaks.
improper hole fillups in trips.

Pump pressure decrease and pump
strokes increase

Flow out rate increase.

Pit Volume Increase.

String weight change.

Well flowing with pumps off.

WELL CONTROL

Early kick recognition &
prompt execution of correct
shut-in procedures is the key

to successful kick control.

Objectives

1. Kell safely.
2. Minimize borehole stresses.

A. Shut-in Procedures

Hard Shut-in: SWPP
the adjustable choke is Sice
closed before taking a @
kick.

Soft Shut-in: Mud
the adjustable choke is
opened before taking a Influx
kick.

In order to kill a well the bottom hole
pressure must be maintained constant at
a level greater than or equal to the
formation pressure.

B. U —tube Theory

1. No influx, no imposed
pressure.
2. BHP= HP+IP+PL

BHP=5200+0+0=5200psi
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2. No Influx, with imposed pressure

FP=HPHP+PL

=5200+800+0=6000psi

No influx, Unbalanced tube sides.

] 7]
P FPdp=5200+0+0=5200psi

Anmules  FPan=4680+520+0=5200psi

4. Influx, Unbalanced tube sides.

& [ma]

i‘

BHPam= 7o 1020 952-36d0ypsi

The drill pipe side is always used for calculation due to
its homogeneity rather than the contaminated casing
side

5.Balancing while circulation

*System PL = 2500psi

*Annulus PL = 100psi. po
*MW = 10.0ppg w pry
«Influx length=3000" . onen
«Hole depth = 10000". i
R’
. BHP dp— 10008 1041052 - 5280 psl.

*Fm pressure=6000psi o
*What shouid be the imposed

pressure on both sides while

circulation?

Answer

A. FP=BHPan=BHPdp

BHPan=HP+APL+IP

6000=3640+100+IP ) L
IPan=2260psi e Tamils
B. BHPdp=HP+IP 0P -
6000=5200+IP
1P=800psi 1000
Cir.P.=2500+800=3300psi BPdp=10008x10:0 452-5200psi
BilPan=o0x g 02=35Mpsi

The pump rate at which the system
pressure loss is recorded for purpose of
well control is called:-

Reduced circulating pressure,
Kill rate,

Reduced pump rate,

Slow pump pressure,

Slow pump rate.
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Shut-in Pressure

The shut-in drill pipe pressure is
the amount by which the
formation pressures exceeds the
hydrostatic head of the mud in

Influx Gradient

Influx grad. = mud grad - (sicp-sidpp)
length of influx

- Gas 1-3 ppg
- Mix gas & water 3 -5 ppg
- Oil, water or mix. 5 -7 ppg

drill pipe
Kill Weight Mud C. Killing Procedures
KWM = SIDPP___+ OMW 1. Wait and Weight Method.
0.052xTVD 2. Driller’s Method.

OMW: Original mud weight.

3. Concurrent Method.

1.Wait and Weight Method.

eInitial circulating pressure=SIDPP+SPR
Final circ. Pressure= SPRx (KWM/OMW)

o —\\ pet
Fcp

2. The Driller Method.

1.The influx is pumped out first,
2The well is shut-in until the mud is weighted,
3.The kill weight mud is then pumped.
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3. The Concurrent Method.

1. Pumping is begun i diately and the mud weight is raised while
circulating the kick out.

2. Itneeds | cycles of circulati

Kill Sheet

The kill sheet includes all
the necessary data for
killing the well including
the drop down pressure
against pumped strokes.

seetnisill

§

]

i
‘l"ll!ll‘l

1
lIlIll L]
i :

]III ll
18}

Kick Tolerance

((1s the maximum allowable
pressure or its equivalent ppg
that the weakest point in a
wellbore can withstand))
*The weakest point is the casing shoe.

*No influx in the wellbore.
» Kick toleance= [Shoe depth * [FR — MW)]/Depth.

blems - Blowout
5 or water)

Indication:

*Returns to Surface after
Circulationis  Stopped (KICK!)

*Well Out of Control - Big Problem!
Lost Circulation . . .

[surface or underground]

Hole Problems - Blowout

Causes:
* Loss of Hydrostatic Head
due to Lost Circulation
* Poor drilling Fluid
» Swabbing Effect while Pulling Drillpipe
* Insufficient Mud Weight

67

Results:

* Possible Loss of Life and Property

» Legal and Financial Problems
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Hole Problems - Blowout

Hole Problems - Blowout

Preventive Measures:

*Crew Education

*Be Alert

Blowout Control Equipment on RIG

including Pit Volume Indicators

69

Remedial Action:
If on Bottom:

» Use proper Mud Weight

» Add Lost Circulation Materials

In Extreme Case of Blowout:
* May Have to Directionally

Drill a Relief Well

0

Shal

ughin

(3} UNCONSODIBATED 10NE

@ Unconsolidated
formation
>While drilling across
an unconsolidated
zone, loose sand and
gravel may collapse

»Form a filter cake on the
unconsolidated formation

Shale ﬁloughina

»Increase the viscosity of the drilling

and pack-off the fluid to do a better job of cleaning the
wellbore hole
, Shale Sloughin | ,Shalg §Iou_ghina
(4) TECTONIC WERKENING

@ Fractured and faulted
zones
»Similar to boulders

»>If the fractured material
sloughs fast enough, it
may stick the drill string

»Increase mud viscosity
to clean the hole

Fractred ar Faulted Zone

@ Under gauge hole

»Forcing the bit info an
under gauge hole can
cause the pipe to get
stuck and/or damage the
bit

»If an under gauge hole is
encountered, ream the
bit to bottom with lower
bit weight
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. Shale Sloughin V

@ Collapsed casing
»Can be caused by under
designed casing or
casing wear while drilling ‘
»Need fo change the L
casing design | |

Shale Sloughin
Poor hole
cleaning

»>If the hole is not

cause the drill
string to get
stuck

— Shale Sloughing - h—%ﬁ’ﬁﬁ%ﬁ

@ Tectonically
fOPoor hole cleaning stressed
>Must do a better job of cleaning the >;a;%‘;;’fr::"°es
hole which will be discussed in a sticsses vill
separate chapter on Lifting Capacity cause sloughing
»Forms an elliptical
hole when it
sloughs
|_ e n2IS Sloughing | 2 TIGHT HOLE PROBLEM
© Tectonically « GENERAL
s;$;°:mmms - COALSEAMS
L ——— * SWELLING CLAYS AND
stresses will MUDSTONES
;ause 9‘013:““9 | * PLASTIC AND ELASTIC
»Forms an 4 iptica ZONES
e - FILTER CAKE BUILD UP

10
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3 LOST CIRCULATION

GENERAL
EFFECTS of LOST
CIRCULATION

COMBATTING LOST
CIRCULATION

A

BOREHOLE PROBLEMS
Loss Of Circulation

Causes

1- Fractured Formation

Natural fractures may be indicated when losse

occur during or immediately subsequent to
rough drilling or sudden formation change.

Induced fracture are indicated where losses

occur while tripping pipe, breaking circulation,

or raising mud weights. Causes include

exceeding the fracture gradient with excessive|

mud weights or high surge pressures, and
equivalent circulating densities (ECD)

2. Highly-Permeable Formations

Formation types- Massive sands, pea
gravel, shell beds, or reef deposits.

Indicators- Continuous gradual seepage

losses. Partial returns. (rate of loss is
dependent on the degree of permeability)

3. Highly-porous Formation

Formation types- sands, gravel beds, or
reef deposits.

Indicators- Partial loss of returns which
may develop slowly and increase with
penetration.

4. Cavernous and Vugular Formations

Formation types-Limestone, dolomite,
chalk, and other formation with secondary
porosity.

Indicators- Sudden and severe to complete
loss of returns which may be accompanied
by sudden erratic rates of penetration.
Formation of this nature are generally
predictable in areas with significant
drilling histories.

e. Preventative Measures for LOC:

1.

2

Use of minimum fluid densities as dictated by
formation pressures and borehole stability.

Evaluate area well data to determine proper mud
weights and casing placement. Establish formation
integrity with pressure test at the most recent casing
depth.

. Monitor and control rheologies to minimize swab/surge
pressures, annular friction loss (ECD), and control pipe

running speeds.

. Maintain thermally-stable rheologies to avoid high

temperature gelation. Breaking circulation in stages
while tripping is advisable when gelation is evident.

Utilize standpipe choke if available to break circulation

with a gradual pressure increase.

B. Preventative Measures for LOC ,Cont.:

5. Minimize annular restrictions

e 000

Optimize bit hydraulics and/or use of to ize bit and dril ing balling.
Control rates of penetration to avoid excessive solids loading in the annulus.

Avoid ive wall cake by g filtration rates.

Use of inhibitive fluids such as b and calci b fluids can provide
protection against swelling and sticky shale.
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c.Remedial Procedures for Loss
Circulation

1-seepage loss (permeable Formations)

1. Treat system with fine lost-circulation-
material (fine and coarse).

2. Accompany LCM treatments with
additions of a viscosifier to improve
particle-size distribution

3. Avoid excessive circulation rate and/or
penetration rate to minimize ECD and
solids loading of the annulus.

2. Partial Loss (Highly-Porous or Fractured

Formations)

1. Treat system with various sizes of LCM. Mixtures of
different shapes are often quite effective.

2. For severe losses, spot 50-100 bbl pill opposite the
loss zone utilizing 30 to 40 Ib,/bbl of various types
of LCM. Pull up into casing and allow 6 to 8 hours.

3. Squeeze the zone with an high-filtration slurry such
as DIASEAL M (see Table 3). The addition of 10 to
20 Ib,,/bbl of CHEK-LOSS will generally improve
chances of success. When applying high-filtration
slurries, squeeze slowly (1/2 to 1'/, Ib,/min) with
pressure not exceeding 50 to 100 psi. Final squeeze
pressure should not exceed 0.1 psi/ft of depth.

3. Total Loss (Caverns, Vugs, or Induced
Fractures)

()

. Cement loss zone. Neat or bentonite
cement for densities 14.5 to 15.5 Ib, /gal.
Gilsonite cement for densities. below
14.5 Ib,/gal.

2. Utilize soft plugs such as diesel oil-
bentonite cement or diesel oil-bentonite
gunk squeeze slurry (see Table 5).

3. Drill blind without returns until loss
zone can be cased off.

4. Drill with air, stiff foam, or aerated

mud.

D. Formulation Tables for the Preparation and Use of
Various Lost-Circulation Pills in Water-Based
Systems

Table 3. Formulation for Preparing 1 bbl DIASEAL M, Weighted Slurry

with Freshwater, Bay water, or Seawater

Density DIASEAL M MIL-BAR Water

(Ibm/gal) (Ibm) Sacks Sacks bbl
9 50 1.00 0.0 0.87
10 50 10.. 0.8 0.84
1" 47 0.94 12 0.80
12 42 0.84 18 0.77
13 38 0.76 23 0.74
14 34 0.68 29 0.70
15 3 0.62 35 0.67
16 28 0.56 4.0 0.83
17 25 0.50 48 0.80
18 22 0.44 52 0.56
19 17 034 5.8 0.52

NOTE: When water-absorbing materials such as CHEK-LOSS are employed,
observe the effect of LCM on viscosity prior to adding the full amount of
DIASEAL M.

Example: 100 bbl of 14 Ibm/gal DIASEAL slurry
requires 68 sacks DIASEAL M, 290 sacks MIL-

Table 4. Soft Plug Formulations (Total Loss of Circulation)

1. Diesel oil-bentonite cement squeeze (100 bbl).
154 sacks (100 Ib, /sack) cement.
154 sacks MILGEL.
72 bbl diesel oil.

2. Diesel oil-bentonite gunk squeeze.
4 sacks (100 Ib,/sack) MILGEL.
1 bbl diesel oil (final volume 1.42 bbl).

A. Squeeze procedure (for 1 and 2).

+ Locate loss zone (temperature or radioactive survey)
and run in hole open ended.

« Mix slurry volume equivalent to or greater than hole
volume. below loss zone.

« Precede slurry with 5 bbl of diesel oil and pump slurry
to bit Follow slurry with 5 bbl diesel.

+When the slurry exits drillstring, close annular
preventers and pump mud into annulus at 2 bbl/min
while displacing the slurry from the drill pipe at 4
bbl/min.

- After displacing 1/2 the slurry from drillstring, reduce
pump rates to T bbl/min on the annulus and 2 bbl/min
on the drill pipe.

« After displacing 3/4 of the slurry from drillstring.
attempt an "hesitation squeeze pressure" of 1 00 to 500
psi.

- Under-displace slurry leaving 1 bbl in drillstring, pullout
of hole and allow 8 to 10 hours set time.
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E. Loss of Circulation with Oil Muds

1. Seepage loss -Common problem in slightly-porous
permeable formations due to low-colloid content of
fluid.

Remedial procedures are:

a. Reduce HT-H P fluid loss with additions of
CARBO- TROL

b. Utilize CHEK-LOSS or W.O. 30 with additions of 5 to
8 Ib,/bbl to active system

c. Utilize "slugging technique" in which a combination
of CHEK-LOSS and W.O. 30 are mixed at 30 to 40
Ib,/bbl in a 20 to 50 bbl pill.

2.Partial losses (highly-porous or fractured
formations) can be combated with additions of LCM to
active sys- tem. Caution should be exercised to avoid
water wetting of LCM material.

Remedial procedures include:

a.Spot pill using various sizes of LCM with a
concentration of 30 to 40 Ibm/bbl.

b. Go immediately to an high-filtration-type of squeeze
such as DIASEAL (see Table 3).

c. Utilize an high-filtration diesel oil-bentonite squeeze
as outlined in Table 5.

Table 5. High-Filtration Squeeze for Oil Muds Formulation
1 bbl of 18 Ib/gal Slurry

MILGEL 300-400 Ib,
Diesel ail 0.6 bbl
CARBO-GEL® 31by,
CARBO- TEC™ 1 1b,
CHEK-LOSS 10-15 Ib,
Barite 540 Ib,,

Follow squeeze procedure as outlined in Table 4.

3. Total losses (caverns, vugs, or induced fractures) can
be combated with the use of high-filtration squeezes as

outlined above to avoid pumping costly fluid away.

Remedial procedures include:
a. Cement squeezes into loss zone.

b. Change out system to less costly water-based fluid until
circulation is established and drilling can proceed or
casing can be run.

Hole Problems - Lost Circulation

Hole Problems - Lost Circulation

Indication:

*Flow out < Flow in  (e.g 400 < 500)
*Drop in mud Return Rate
*Drop in Mud Pit Volume

* Blowout

97

Causes:

» High Formation Permeability (e.g. fractures)

* Low Formation Pore Pressure
Poor Drilling Fluid Characteristics

o

Induced Fracturing of Formation
From Rapid Pipe Movement

98
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Hole Problems- Lost Circulation

Hole Problems- Lost Circulation

Preventive Measures:

» Crew Education
» Good Mud Program
» Study Wells in Area

...to be prepared

Remedial Measures:

» Use Lost Circulation Material
as Mud Additive (fibrous or granular)

» Drill Through Troublesome
Interval and Case Off

» Decrease Mud Weight

» Decrease Circulation Rate

1.LOST CIRCULATION

0 Below Surface Casing, Conductor
o Shallow Unconsolidated Formation

o Heavily fracture cavernous formation
o Weighted Mud

® Lost circulation

»Lost circulation occurs when the
effective hydrostatic (mud weight,
friction losses and cuttings
concentration) becomes greater than
the formation pore pressure plus the
resistance to flow of the fluid through
the formation

Lost Circulation

* Conventional drilling utilizes continuous fluid
flow down the drillpipe to:
* Remove cuttings
* Maintain pressure
* Cool the bit
« Key indicator in understanding what is
happening downhole

* Circulation must be maintained at all times

« If the circulation is interrupted because fluid
is flowing into the formation, that is called
“Lost Circulation”

Lost Circulation - Causes
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Lost Circulation - Solutions

R

Pre

@ Lost circulation

»>While drilling, all
the fluid pumped
into the drill
string returns to
the mud tank at
the surface

>ltis a closed
system

__Hole Problems

@ Lost circulation

» Lost circulation
iswhen allor a
portion of the
circulating fluid is
lost to the
formation

I 4 Lost Circulation |

@ Can loose
circulation into
primary or
secondary
porosity

@ Generally, ;
primary porosity x|
will range from 8
to 30% for
reservoirs

FORQSITY: 476 % PORCSITY: 25.36%

CUBIC CR WIDE ~ REOMBOMEDRAL OR
PACKED CLOSE PACKED

Lost Circulation

@ Secondary porosity is porosity
generated by altering the rocks
such as the dolomitization of
limestone or fracturing
»Fractures

»Vugs

»Oolite

_Lost Circulation

@ Permeability is a measure of the
resistance to flow of a fluid
through a rock

»Measured in Darcys or millidarcys

»Most reservoirs have less than one
Darcy of permeability and will not
accept whole mud (with solids)
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Hole Problems- Lost Circulation Hole Problems - Lost Circulation
Combating Lost Circulation J
Results: Remedial Measures:
> Costly Mud Makeup » Use Lost Circulation Material
as Mud Additive (fibrous or
» Loss of Production granular)
- » Drill Through Troublesome
> Fire Interval and Case Off
» Loss of Permit to Drill » Decrease Mud Weight
» Decrease Circulation Rate 1z

Hole Problems - Lost Circulation

Preventive Measures: @ Lost circulation
_ »Shallow formations with high porosity
» Crew Education and permeability that will accept
whole mud
» Good Mud Program A i sands
» Study Wells in Area ~Increase viscosity and/or add LCM
~LCM - Lost Circulation Material -
...to be prepared anything that is cheap and readily
available

113

_ Lost Circulated _ Lost Circulation

~Can often use LCM sweeps where the

- Types of LCM that have been used LCM is removed from the system using
-Cellophane flakes, nut hulls (walnuts, the shale shaker after one to two
peanuts, etc), mica, fibers, crawfish circulations
shels, calcium carbonate, tree bark, >Can also loose circulation due to

sawdust, manure, hay, carpet remnants,

ground rubber (from old tires), excess penelration rate

diatomaceous earth, sweepings from ~Increased solids content of the mud will
cotton mills, cloth remnants, plastic increase the circulating density (ECD)
pellets, sulfur, cottonseed hulls, quar contributing to lost circulation when
gum, paper, etc drilling fast in large diameter holes

(exceeding the frac gradient)
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> Lost circulation due to secondary
porosity (deep or shallow)

—~Usually use LCM

+ Adding LCM requires bypassing the shale
shaker unless just pumping a sweep

+ Bypassing the shale shaker increases mud
density which will increase the possibility of
lost circulation

» LCM can seal natural fractures but does not
prevent fracturing if the fracture gradient is
exceeded

_Lost Circulation

»Lost circulation due to secondary
porosity (deep or shallow)

~Usually use LCM

« Pick up off bottom while mixing the LCM to
prevent stuck pipe

« Keep the pipe moving

« Can drill ahead while spotting LCM to open
up the entire loss zone (short distance)

» Drilling ahead may be necessary prior to
trying other methods to control lost
circulation

@ Operational guidelines for LCM

pills

»>LCM concentrations for spotting next
to the loss zone should be in the
range of 40 to 70 Ib/bbl (100 to 200
kg/m?3)

»The slurry should be able to cover the
entire lost circulation zone with 20 to
40 barrels extra (3 to 6 m3)

_Lost Circulation

»The yield point of the mud should be larger
than 20 (9) to prevent the LCM from
settling or floating

»High fluid loss may help

»Nozzle plugging can be prevented by
carefully selecting LCM sizes

»Nozzles larger than 15/32 inch (11.9 mm)
will have no trouble passing LCM

»Common medium size LCM will pass
through nozzles 9/32 inch (7.1 mm) in
diameter and larger assuming the LCM is
properly mixed

»Lost circulation due to secondary
porosity (deep or shallow)
- Drill without returns (blind drilling)
» Drilling with no fluid returns to the surface
» Cuttings go into the lost circulation zone
« Uses large quantities of fluid

+ 250 gpm (0.94 m3/min) equivalent to 7,000
bbis (1,130 m?) in a 20 hour drilling day

« Mixing that quantity of mud would be difficult
« Usually use water
« Sweep the hole with high viscosity pills
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Lost Circulation Example

This Example shows how to determine the mud weight that can be supported by
the formation and also the mud weight that will control the subsurface pressure.

» Well depth = 16,000 ft
> Protective casing seat = 12,500 ft
» Mud Weight = 17.0 Ib/gal

Before Water After Water

Water - 20 bbls

—  400ft

Mud - 17.0 Ib/gal

> Drillpipe size = 4.5 in. —
» Hole size, casing I.D. = 8.5 in.
> Annulus volume = 0.05 bbl/ft
» Water required to fill hole = 20 bbl . -
. BHP =? BHP = 13,963 psig N
Example - Solution Example 3.1
Determine: The effective hydrostatic head . )
and mud weight in Ib/gal. Pressure imposed at total depth:
Solution: 20 bbl 400 ft of water x 0.433 psi/ft =173 psi
——— =400 ft of water : _ .
0.05 bbl/ ft 15,600 ft of mud x 0.884 psi/ft = 13,790 psi
Total pressure at 16,000 ft = 13,963 psi
Water gradient = 0.052 * 8.33 = 0.433 psi/ft Efecti iaht = 13,963 ~16.781b/
Mud gradient =0.052*17 = 0.884 psilft ective mud weight = 11 00(0.052) — eroired
Before Water After Water 4 HOLE CLEANING PROBLEM

Water - 20 bbls
400 ft

Mud - 17.0 Ib/gal

12,500 ft
— | EMW = 16.72 Ib/gal

10,869 psig

16,000 ft

BHP = 13,963 psig

EMW = 16.78 Ib/gat

GENERAL

HIGH DRILLING RATE
RUBBER AND FRACTURE
ZONES

BOULDER AND GRAVEL ZONES
EFFECT OF HOLE
ENLARGEMENT




Bole Clesning Problenms

General

Hole cleaning problems occur when che sfze and shape of
certalin particles {s such cthat they cannot be effactively
removed by the annular flow, The particles presencing

difficulties may be cutvings or cavings, or hoth.

When hole cleaning problems occur the chance of an annular
packoff dincreases dramatically. An anaular packoff oceurs
when sufficient solids accumulate arvund entire circumfereace
of the drill pipe, defll collars, or stabilizers and reszeict
the cicculatfon of drilling f£lutd. Once the ability to
circulate has baen lost cthe cemaining (smaller) particles
abave the annular packoff will continue to mettle and more
solidly ses) the annulusx, usually resultiag in a stuck drili
steing. If circalation cannot be reestadlished and I
jarring and working the drill string does net free the pipe,
a fishing operation will usually be required.
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Bigh Driliing Kl:m

Ia areas where very high deilling rates are schieved, it ta
ofzen difficult to clean all -of the resulting solids out of
the wellbare, Any slippage of the particles fa the anaulus
at  wvary bhigh drilliag rates will  resalt in a ‘high
concentration of solids that may cause:

- lost circulation in cecrtaln areas due ro the significantly
increased mud densicy,

~ greater chances of wechanical sticking and of differential
sticking,

~ plugged bit nozzles deus to the hydrastatic imbalance and
the rvesultiang back flow on coanections, and

~ formation of mud rings, the collsction of an annular pack
of solids which form a stiff, sollid masxs that s difficale
te cemove from the annulus and that may eliminacte che
ahility to circulate.

When hole cleaning problems associaved with high drilling
rate occur the following changes may be effecrted:

- reduce the rata of creation of cuttings by control
drilling (l{miting the maximum rvracte of penetraction),

Rubble and Fracturs Zoses, m‘mm

Hole clesning problams are quite common whea drillfag zones
have
loosensd
these zones asre typically large, angular pieces cthat exhidic
very high sectling velocities

of flau rates and amnular velscities possible are quite
limited, the large parcicles encountered are aimost always
handied as fallows:

~ imcrease the inicrial gel atreagrh and yield point

Rubble wnd fracture zanes nften create very Righ peak bir
corques as the feactures grab che edge of the dir ar
stadilizers. W& thess torques may relesse suddenly, care

must be taken to easure the drill scring does nor spin aff,

tncreasing cthe £luid viscosity (particularizy che

tafrial gel streagth) te reduce the seccing velocity of
pacticlen in the amaulus,
attempting Co create smaller cuttings by astag bizs

with greater numbers of smallac teech, by reduciag
velght on blt, or by Increasing RPM, and
by increasing the circulation rate to limit the time that

any given particle remains tn the annulus.

amounts  of
resulc from

beswn well fracrured asnd
rubbie. The types of

cancatn
particles

Large
that

in sosr flulds. As the tange

considerably, and

redrill to break inte smaller sizes those particles that
¢annot be remeved wizh the higher hole wieaantag capabilifty
Fluids.

Boulder and Gravel Zones

LLAELLASE LIS AR A4 LERI.1. L LA
Similar to rubble resulting from fractured zones,
rAtes.

the zoae, Ia
and boulders often enter

volume of
gravel

the drilled hole
zones, additional

greater in total volume.

In either case, a large increase in drilling
is wsually regquired to cemove the bulk of the
presaat. The lacrgest boulders aust often be
spaller pilecas beform they can be removed.

fiuid viscosity
lacge particles
hroken up {nto

Also similar to drillimg fractured zones is the high torgque
generated while drilling rubble and fracture zones. Peak
torques are usually generated at the bit and therefore
concern for spin-offs of the drill string are most prevalent
in ths lower portion of the drill collars.

_ TBouidor andGraniones |

boulder and
gravel zones produce particles that have very high setcling
Boulders and gravel in relatively consolidated zones
require the clesning of such large particles contained within
unconsolidatead
the
wellbore in the form of sloughing and can therefore be amuch

@Boulders
»River beds

»Volcanics

»>Glacial fill

»Many times they are a problem in the
surface hole

»Can also be a problem deeper where
the formation is highly fractured

Paten e

o e AR Ry

@ Indications

»Severe torque while drilling, sometimes the
drill string rotation is stopped and the string
stuck

> Difficulty in pulling off bottom or pulling the
first few stands

>No difficulty in circulating

»Free movement down with difficulty moving
up

> The tight spot is not in the same place but
rather moves around

T
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~ Boulders

> The only choice is to break up the
boulder with movement of the drill

string

»Can't get the mud viscosity high
enough to circulate large rocks out of

the hole

@ Squeezing formations

» Salt can cause problems while drilling

> Salt causes casing collapse during
production

> Design casing for 1 psi/ft (22.6
kPa/m) collapse

> Drill with salt saturated mud or oil
based mud

-Increase mud weight
>Shale

~More likely it is the buildup of gumbo on

walls of hole

-There is no conclusive evidence that the
hole size in a shale section is reduced

due to the shale moving

-Should see a smaller hole on caliper log,

but do not

. Squeezing Formations

»Reactive formations
will absorb water and
swell

»The sticky formation
can then stick to the
walls of the hole and
the drill string
(Gumbo)

»Shale does not
actually move into the
wellbore

Beactive formation

21000 P v i b Ao A ad

[Effaczs of Sois Entacgesant

ctianze that a Melw largee tham the drilied stz wiil resuic.
it the hols wine exceeds the blt eice by & significanc
kegron, large anaular €3ow ares and Lherefore reductions in
onnular velscity socuts Tvo somevhet disciacr types of heie
entargemunt aza  coamonm. Their echaracteristics aad
feantslontioay 9n hole clesning are desecribed below:

Unifors Hole Enlargemant

Usifers hole enlargewent Ls often escountered where fomg
swations 9f bhydratadle clays and shales extst thar are
seasitive e She washing ection of the asnular fiuid
flow. Ia thase types of omas, the washauc ix usvally
S0mewhAT gruater nearec the surface as thess sones have
besn expused te the awnular flow for a longec perted of
time. Unifurn Bela anlergesent manlfescs Ltaell
prizerily in reduced smaniar velscity which way or say
ok create & Nols clesning preblem depending on degrse af
vashest, eirculstion rate and wid propercies.  Once
particles teach the large sections of the wellbore thuy
generally cravel the cesmainder af the distance sut of the
Bola.

+ Localitzad Hole Enlscgement

Musr weshed out hales exhiblt some degres of manuaiferm
Bole enlargument. In these cawss the formsrion haw for
ssee reassa ealarged (n sne or sore celactively localtzed
afess.  TI rthess areas are suserous and scddes the
welldare ts s4id ts ba rugows.

piiennver sadrillied materisl enters the wrllibore thers ts the

5.Problems Caused by Disturbed

Geology

« GENERAL
 DEVIATION
« TARGET CONTROL

« CROOKED HOLE




Ceonscal

Disturbed geology discussed hereln refers to the tectonle
stresses and earth movegents thac cause faulting, fracturing,
over thrusting and geuneral complizstions within cthe
subsurface structural geology. Ta addition, considerable
dippiug in the bhedding planes occurs, with the formations
lying at a few degrees to ninety degrees or more from its
original horizontally deposited plane.
As well aw the unstable hole condirions discussad earliq
such as tectonic weakening and rubble and fracture zones,
affects of disturbed geology manifest in the ability to dri
a stralght, vertical wellbore. The main effects on straigy
drilling are discussed below.

Deviation, or 4nclination from vertical, is of major conceq
in many areas of the world. The tendency of an area to buil
angle (encounter deviation) 1is affected considerably by cXf
type of formations present but more by the dip angle of tH

Deviation

4/28/2015

beddiag planes preseant.

When signiflcant dip angles are preseat, the bit tends to
drill a wellbore cthat builds angle ia a direction chac
returns the bit to a normal (perpeadicular) orientacion with
the bedding planes. Thus when the dip s 20° {in a
southwesterly direction the bit tends to drill im a direction
rasulting in a welldore of 20° deviatfon is a northeasterly
diraction. This effect 1s most strongly influenced by the
formation's intriunsic ease of drilling being greatar
perpendicular to the beddlng planes as opposed to parallel to
the bedding planes. 0f course the final hole direction asnd
angle are influenced by many other factors such as degree of
stabilization, bit angle relative to hole angle, welght on
bit, type of bic, etc.

Problems that are anticipated due to deviation can bde
aninimized by:

-~ use of a well stabilized bottom hole asseably

~ welight on bit and RPM program

- placemant of the surface location with respecc to the
bottom hole location

= use of speclalized {deviastion control) bics

- 4implenmentation of speclalized drilling techaiques chact
require lower weights on bit, such as alr drilling or use
of stratapax bits

In areas where the wells are prone to considerable deviation,
the difficulty i{n hittisy the required subsurface targer {s
greatly 4increasad. It is quite common for larger, more
realistic targets to be selected for these ctypes of wells,
rather than requiring several correction runs with kick subs
and downhole motors to achieve the intersection of a wvery
small tacget. Whenever target size is limired the additional
costs required to ensure the target (s intersected should be
carafully weighed against the restricted targer boundaries.

Target Control

In many cases reduced bit weight {s the wusual method of
limiting deviation to allow lntersection of rhe taggert. This
can often prove to be a very costly practice due to the low
rates of penaecraclion that occurs. It is often bdetter GCo
locate tha rig a greater than expected distance froam the
bottom hole target and to use increased dit weight te allow
the well to build sufficient angle to intersact the target.

|Crocked Hole

Crooked hole refers to wellbores that encounter aot only
deviation, but changes in deviation and direction, often
abrupt, from the initial depth of deviation. In crooked hole
areas the structural geology may have decreasing dip angles
or even one or mors revarsals of the directiomn of dip. The
wellbore may tend to build angle 1a one direction, then
change direction or drop angle only or build angle and change
direction agala. The resulting crooked wellbore is the cause
of several seriocus problems. These may Include:

= axtremae target control difficulties

- greatly incressed drag and torgue

- the faormacion of keyseacs

= drill string failures

- 4pabiliey te reach total depth objfectives
- production probleas

The mechanical problems that may be caused by crooked holas
are discussed in greater datail {n the following section.

6. Pipe Stuck andMECHANICAL
PROBLEMS

+ ASTUCK DRILL STRINGS
-Differential Sticking

-Sticking Due to Solids

-Keyseat Sticking

+ ABNORMAL DRAG AND TORQUE
-B. Hole Geometry

« WASHOUTS

« PARTED DRILL STRINGS

« PARTED DRILL PIPES

» DRILL COLLAR FAILURES

+ DOWNHOLE TOOL FAILURES
+ JUNKIN HOLE

Il. Stuck pipe

Drilling string
cannot be raised,
lowered or rotate.
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Hole Problems - Stuck Pipe
(drill pipe, drill collars, casing)

Indication:
« Cannot Pick Up Pipe (Venezuela

Cause%?se)

» Cave - ins
» Keyseat - Crooked Hole

147

lll. DRILLSTRING STICKING
A. Causes of Stuck Pipe
1. Differential pressure (wall sticking).
2. Mechanical related.
a. Key seating.
b. Formation-related (instability & tight holes).
¢. Wellbore geometry (deviation & doglegs).
d. Inadequate hole cleaning.
e. Junk in hole.
f. Collapsed casing.
g. Cement related.

Stuck Pipe

1. Differential Sticking
* Pressure-related

* The pipe is “sucked” up against the
formation due to a difference in pressure

2. Mechanical Sticking
< A mechanical obstruction

* Could be from the formation, wellbore
geometry, or tool failure

Differential Sticking — A Pressure Problem

This Normally Occurs:
~ when pipe/logs are
stationary or slowly moving
- with contact between
drillstring and borehole (ie
at drill collars)

— with higher mud weights
— acress a perme:
formation (sand}
~ ina thick filter cake

Mechanical Sticking — Dirty Wellbore

* Too many “solids” in the wellbore!
* Indications:
* higher pump pressure
= fill on bottom
* more “pull” required to move pipe
= excessive cuttings on shakers
* restricted circulation
* Why?
* Unconsolidated Formations
* Poor Hole Cleaning

« Prevention
* maximise flow rates and rpm
* Better mud properties
* drill more slowly

Mechanical Sticking — Obstructions

* Obstructions
* Indications:
+ more “pull” required to move pipe
« can still circulate
* Increased torque
* Unable to “make hole”
* Why?
* Junk in the Wellbore
» Hole Geometry
* Prevention
+ equipment QA/QC
* housekeeping
« correct drillstring/BHA design
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Stuck Pipe — How do we get free?

+ Pull Harder (but don’t break it)

« Jar on Pipe

* Cut Pipe and Fish

* Increase or decrease circulation

« Pump other types of fluids or chemicals

Stuck Pipe ,

@ Stuck pipe is a big problem in
the drilling industry

»>In the Netherlands, the stuck pipe
incidents resulted in 5% of the drilling
capital expenditure in 1993

> Shell reported stuck pipe in 70% of its
wells causing 80% of the lost time
while drilling in Nigeria

PLERRE -SSR - CSRRMAE SRR

Hole Problems - Stuck Pipe

Causes, cont’d:

» Differential Pressure Sticking
» Filter Cake

» Deposited AFTER Circulation
Stops

- While Still on Bottom 155

B. Preventative and Control Measures
1. Differential pressure sticking.

1. Control mud densities as low as
practical.

2. Control filtration rate to produce a thin,
compressible wallcake.

3. Control drilled solids as low as possible.
4. Control drill to avoid overloading annulus.
5. Utilize friction-reducing additives.

2. Mechanical related
a. Key seating.
1. Control hole deviation.
2. Assure drillstring is in tension.
3. Utilize string reamers and stabilizers.

b. Formation-related wellbore instability is generally associated with
"tight hole" conditions. Improvement

in hole conditions can be seen with optimization of
fluid properties and the use of appropriate inhibitive additives and fluid
systems.

c. Inadequate hole cleaning can be improved by altering fluid
rheologies and pump rates.

C. Remedial Procedures for Stuck Pipe
The "free-point" may be determined from
electric logging or pipe stretch calculations.

D. Spotting Fluids

Drilling Fluids companies offers a variety of
spotting fluids which are designed for use in
every drilling environment.

« These fluids may be used in weighted or un-
weighted form.

« The success of spotting fluids is time related.




4/28/2015

’ .Differential Preisure\ gticking |
P1>> Pz

Hole Drill Collar
¥ /

\
~
Filter Cake

impermeable
zone

Thin Filter Cake

Porous and . kP Hoe Drilt Colla
permeable zone l:'2 Filtercake N # '
\“ i
TUH Filter Cake
Thick Fiiter Cake
F, = fA;AP

Differential pipe sticking. e

1.5-26 Hole Problems - Stuck Pipe

Thick Filter Cake F=puN

- Results:
: N=APA
» Fishing Operations

Thin Filter Cake F=pAPA Back off, POH, RIG w/fishing string

« Loss of Hole

~_|How is filter cake formed?

] or at least part of the hole
Pipe Stuck in Wall Cake

161 162

D. Spotting Fluids

Table 7, 8, and 9 in notes example of OQIﬁerentia| Pressure Stlcklng
spotting fluid materials and its mixing »Across from a permeable formation
procedure. »Stuck while the pipe was not moving

»Can occur anywhere in the hole
»Can circulate without a problem




Hole Problems - Stuck Pipe

Hole Problems - Stuck Pipe

Preventive Measures:

+ Use Minimum Mud Weight Required
to Control Formation Pressures.

» Use Special Drill Collars (spiral)
« Use Centralizers on Casing

* Periodically Establish Circulation
while Running Casing or Drillpipe
in Deep Hole

165

Remedial Measures:

If Circulation Cannot Be
Established:

» Cut Pipe or Unscrew
Joint - and Fish

166

1.5-22 Hole Problems — Stuck Pipe

Hole Problems - Crooked Hole

Remedial Measures:
If Circulation Can Be Established:

*Erode Mud Filter Cake - at High Fluid
Velocity (speed up pumps)

*Spot Special Fluid; Oil, Acid

*Reduce Mud Weight as Far as Possible

* Rotate Pipe - Keep Moving Pipe

167

Indication:

*Periodic Directional Surveys
*Stuck Drill String

*Casing Problems

168

Hole Problems - Crooked Hole

Hole Problems - Crooked Hole

Causes:
» Too much Weight on Bit
*» Dipping Formation
» Anisotropic Formation
*» Too Small Drill Collars

» No Stabilizers

169

Results:

» Uneven Spacing (on bottom)
» Legal Problems
» Production Problems

» Cementing Problems

170

4/28/2015
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Hole Problems - Crooked Hole

Hole Problems - Crooked Hole

Preventive Action:

»Avoid Buckling of Drill Pipe by
using sufficient number of drill
collars

»Use “Oversize” Drill Collars
»Use Reamers and Stabilizers
» Start the Hole Vertically

171

Remedial Action:

»Plug Back and Sidetrack
»Use Whipstock

»Use Reamers in 3 Locations

172

Differential Pressure Sticking

@ Getting unstuck

>Pull or slack off (jar) the maximum
immediately

»Spot oil or a proprietary product

»Reduce pressure by U-Tube

»Reduce pressure by pumping
nitrogen

»Washover stuck pipe

» Sidetrack

»Pull or slack o
immediately

nitrogen
»Washover stu
»Sidetrack

@ Prevention

»Don'’t let the pipe sit without moving (keep
the pipe moving)

»Use spiral drill collars

» Stabilize drill collars

»Replace drill collars with HWDP

»Reduce pressure differential

> Thin filter cake

»Add oil to mud (reduce friction coefficient)

© Prevention
»Don't let the pipe sit without
the pipe moving)

»Use spiral drill collars
> Stabilize drill collars .
»>Replace drill collars with HW 52520 |
»Reduce pressure differential

~Thin filter cake

»Add oil to mud (reduce friction coemcient)




@ Prevention

»Don't let the pipe sit without
the pipe moving)

»Use spiral drill collars
» Stabilize drill collars
»Replace drill collars with HW SR
»Reduce pressure differential
»Thin filter cake !
»Add oil to mud (reduce friction coen(
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[With water-hase muds, the Arst preceq, actors isa
bentonite content for the fliter cake. Ouindmunny cmenmxsun 13 bene-
Bclal and special bave been b hat are consid-

ered detrimental include most drill solids and barite.
In Seld applications, the operator mu mh for wall sticking in-
d of

Example 3 is one
v omnes {3, [ 13
Probiem sand at 12,000 feel () ' -
prassure -
pressure of 14.8 ppg mud = 9250 pai
Force required to pull coliars after slopping opposite the send = 80,000 pounds
Maximum pull permitted on the drilt string = 100,000 pounds
Determine the maximum permissable mud weight it no other changes are made.
Solution:
e F, = fAAP
80,000 —
A =
- s f

(100000320}
ar 60,000 i
Pormissible hydrostatic pressure = 8730 + 867 = 9597 psi.

mmxm
Also the use of batite 1o increase mud waight will increase the riction 180tor thus |
vert reach & mud weight of 15.4 pRg the operator would have 1o change e
i sring. thin ihe titer cake, of #6C & lubrieant. i

Pacmisnibie mud woight = o S507 . n 15.4 90, j

SLOUGHING HOLE
Hole sloughing is generally a prblem associated with shale. Each drilf}

u-yl?‘ ishicig jobs start with the deill pipe becoming stk during 4
wip Some of the cames of stuck pipe sce.

{13 Porsign oljects ae sk in the hole.

(2)Key-senting

3)Slounghing fomations (heaving shades, otc.)

wihere ¢ inches ol sireich measured
L = depth w swck pipe
The siress causing the differential strewch ¢ is
B ot
where £ = {orce, b
A = cross sevtional arca of swel In thve drill pipe, in®
Substitution (1) and (2} in Bq. (7.3) And solving for L, we obesin

741

i
o save looking up or computing the. ares A it is mors convenicnt
itse the weight pec foot of e pipe. which aiways known.
) nvlnl ;v*xsmq-vu AN0.283)

Wi

o
subscitusing \!ﬁhfvd in . (7.6) gives

? K
Fig. 7.28 Prevuse differemial i @5 o A s 100 X
et T SrwLzimm
o o bocate the stuck polnt i Lt
Ricail Young's rodulus for shely A saringg of 3 % i, £33 VR, grade E-drill pipe i stuct i3 10,000 G 13
""“K e o ole. The drificr obiiing the foliowing dats as deseribed previousty: .
an = i ¥+ 140,000 th, w ter tiam the weight of stiing,
£o 30 10 g e £3 200,000 b, win than the yield arengih of the pipe
s g7 T s o caae [ R=2000R
length per bomgth caloulating foe poim of Whiere is e piges stiscr
R stuck pipe Saludivn:
. Y
emdx12L o St SEERRE D) 3
VL OAZUHA2) .
L e e Lo T35 0 et = 7300 it

o —— ek PiDe

@ It is estimated that more than 65% of
stuck pipe occurrences can be
avoided with better planning and
drilling crew training

@ There is a need for better awareness
of the problem and continued
emphasis on prevention measures to
achieve minimal stuck pipe incidents

: \ Kexseating B

©Keyseat
»Qcecurs high in the hole
»Got stuck while pipe was moving

>If not stuck, may go down but not up
past a point

»Can still circulate without difficulty

»Can occur in any formation
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Dog leg Key seat

N_Mrﬁ“ 1.5- feasion e KEY
L ' SEAT

KEYSEAT FORMATION
Top view of
key seat section

3
7
2
G
B

;
%5.
2

Lateral C::
force

Tension Tension

oact MR Potrs 5 —=—=Refers 10 hole developed by ool joint 184

] Keyseating - I

@ Can use a keyseat

. wiper at the top of
9 Getting out of the hole the rill collars o aid
»Work pipe through the keyseat area — in back reaming
back ream through the keyseat
»If stuck, back off two or three joints interval

above the stuck point
»Run jars and jar down
»Sidetrack
»If in acid soluble formation, spot acid

i Kexseating, B. Wellbore Geometry

Hole diameter and / or angle relative to BHA

@ Prevent keyseat geometry and / or stiffness will not allow
r A ] f the drill stri
»Minimize dogleg severity - BHA pasiigeatifear g
design 1. Keyseat
) ) 2. Microdoglegs
»Reducing the number of drill collars — 3. Ledges
adding HWDP 4. Stiff assembly
> Drill with a downhole motor and 5. Mobile formation
minimize rotation of the drill string 6. Under gauge hole

» String ream potential keyseat
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Key Seat

Causes:

1. Abrupt change in
angle or direction in
soft formations.

2. High string tension
and pipe rotation
wears a slot into the
formation.

3. While POOH the drill
collars jam into the
slot.

Warning, indications, first action

Warning:
1. High angle doge leg in upper hole section.

2. Longdrilling hours with no wiper trips through the
dogleged section

3. Cyclic over pull at tool joint intervals on trips.
Indications:

1. Occurs only while POOH.

2. Sudden over pull as BHA reaches dogleg depth.
3. Unrestricted circulation.

4. Free string movement below key seat depth.

First Action, Preventive Action

First action:

®  Applay torque and jar down.

®  Attempt to rotate with low over pull to work through dogleg.
Preventive Action:

®  Minimize dog leg severity to 3deg/100’ or less.

®  Limit over pull through suspected intervals.

®  Run string reamer or key seat wiper if suspected.

C. Packing Off & Bridging

Formation cuttings cavings or medium to large
pieces of hard formation, cement or junk settle
around the drill string and pack off/bridging the
annulus.

Settled cuttings

Shale instability +
Unconsolidated formations
Fractured formations
Cement related.

Junk.

S TN I

Settled Cutting Straight Hole

T Causes:

Rubble falls behind & «  Low annular velocity and/or
BHA and string poor mud properties.
causing pack off *  When circulation is stopped,
the cuttings fall back down

the hole and pack off the drill
string.

Warning, indications, first action
Warning:

1. High ROP, low pump rate, little to no circulation time
at connections.

2. Torque, drag and pump pressure increase.

3. Over pull off slips, pump surge to break circulation

4. Fill on bottom.

Indications:

1. Likely to occure on connections.

2. Possible during trips.

3. Circulation restricted or impossible.
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First Action, Preventive Action

First action:

® Applay low pump pressure (200-400psi).
® Apply torque and jar down.

@ Circulate clean to avoid recurrence.
Preventive Action:

® Control ROP, maximize annular velocity.
® Maintain sufficient gel strength and YP.
@® Circulate 5- 10 min before connections.
® Circulation clean before POOH.

Settled Cutting Deviated Hole

Causes:

Drill cuttings settle on
the low side forming a
cutting bed.

§ jooorsiiedom [ +The cutting bed builds

and slide down hole.

*While POOH the

cuttings are dragged i
back up b

Aleeekiiey  cuttings is dragged
: - upward by the BHA

Warning, indications, first action

Warning:

1. Hole angle > 35deg..

2. Drilling with a down hole motor.

3. High ROP, low GPM, increase torque, increase pump
pressure.

Indications:

1. Likely to occure while POOH, possible while drilling.

2. Increase overpull on trips.

3. Circulating pressure restricted or impossible

First Action, Preventive Action

First action:

®  Apply low pump pressure (100-400psi).
® Jar down & Apply torque with caution .
®  Circulate clean to avoid recurrence.

Preventive Action:
®  Record trend indicators for inadequate hole cleaning.

®  Control ROP, maintain mud properties, maximize annular
velocity, maximize string rotation.

®  (Circulation clean before POOH.
®  Use low vis/high vis density sweps.

Hole Problems - Junk in Hole

Hole Problems - Junk in Hole

Indication:

«Bit Parts Missing
*Items from Surface Dropped into Hole
+Erratic Torque

Cause:
» Negligence of Crew

Result:

» Fishing Operation

200
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Hole Problems - Junk in Hole Fishing Tools

Preventive Measure: (1) OO o

+ Crew Education [A1N] 111 3 S —
(3) Washover pipe s swmatpoesn
. (4) Insideand outside cutters
Remedial Measures: ot e e

» Run Junk Basket (5) Junk basket

L\/\/J » Run Basket with Collapsible Teeth
(“Poor Boy” Basket)

» Run Magnet

201
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' Bowen Simplex Bowen-itco Junk Baskets .
4 T 4 7 NATIONAL OWLWELL
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Bowaen itcoloy Milling Tools

e g g

- ot @
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2.6 Fishing Operation

e
Examples o fialing, rubing 10 Yackedl uriegs (Servre deswmencs
iSonrte: Driting Dosa Homdood, Edions Tecknas, Paris. 1089)

where ¢ = inchies of staoch anssred
& = deptiy 1 stk pipe
The seress causing the differcrial stresch ¢ v
etk
4 E
where £ foroe, I
A = eross sectional area of seel i the dritt pipe, in®
Substitutivgs (£ and (2) in Eq. (7.5) And solving for L we absain

o i Bt
(5 =" Bap
“To-save Jooking up g the area o e i

s thoe weight pee foot of the pipe, wiich always kwit
3y we GARE2H.283) ar A m i 12302653

[

-_

L RS 482, 1Se AR AN R T
H¥hia Ak onis Tes. v« NEAH PALLE 31

firgioran

TR fotixies 5t usdsitind esiiex facn 1da w
WALy cedutien 1a bs : 2

o TH neTARSS GEeT La tsveh
K5e0n Sl TR TVTRRY SIRTULEReE A9¥ 1%e matiom ot Seh
it

b furention i caaeianred v w0 Gsenpressaent 4
i B> prenten thun

2 S Abag wkOade Bet sas e Txrek 4% res ihe S05S
BT R T ptont B HORbR

5% 4 Kuns b presanse Tavensivy i iae
T e Ten

to
whiere  we sweightof deill pipe Ibeft T e s eare seneyensaied Tasiiie sas e dsrsctes o
0,283 = densiry of stech, Wi £0 # s
substitating of (33 for o in Bq. (7.6} gives oy -
4
o Bhe s 2 e T
L] - i
’s wt.21Is/t % o e St o omic o
o oo sins s 13,000 i
Astring of 3 % i, 13,3 IVHL grade E deilt pipe is stoet fn 2 10,000 & y
hole. The deitler obunins e Sullasving dat a5 dese peevicusly: b “
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ADVANCED DRILLING

r ENGINEERING

Chapter 6.
Drilling
Fluids
(4 hrs.)

By Kriangkrai Trisarn

534620 ADVANCED DRILLING ENGINEERING
4(4-0-8) @ 1/2557, 2014

Course Contents
How to Get Drilling Permission (2hrs.) Asso. Prof. KK
Introduction to Rotary Drilling (4 hrs.) Asso. Prof. KK
Well Planning and Proposal (2 hrs.) Asso. Prof. KK
Cost Estimation and Control (4 hrs.) Asso. Prof. KK
Hole Problems.(4 hrs.) Asso. Prof. KK

6 Drilling Fluids (4 hrs.) Asso. Prof. KK

7. Factors Affecting Rate of Penetration (4 hrs.) Asso. Prof. KK

8. Pressure Control (4 hrs.) Dr. Akkaphun

9. Pore Pressure and Pressure Gradient (4 hrs.) Dr. Akkaphun

10. Blowout Control Procedure and Equipment (4 hrs.) Dr. Akkaphun
11. Directional and Slimhole Drilling (4 hrs.) Dr. Akkaphun

12. Rotary Bit Design (2 hrs.) Dr. Akkaphun

13. New Technology Drilling (6 hrs.) Dr. Akkaphun
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ADVANCED DRILLING
DRILLING FLUIDI1

1. Mud System & Horse Power
2.Drilling Fluid Types
WATER-BASE MUD
OIL-BASE Drilling Fluids
AIR/GAS Drilling
3.MUD COMPROSITIONS
4.MUD PROPERTIES and Lab TESTs
S5.Mud Calculation.

Rotary Drilling Rig & Components

1.Derricks, Masts and Substructure
2.Hoisting Equipment

3.Pipe Handling Equipment
4.Prime Movers

5.Power Transmission

6.Mud System
7. Instruments

8.Well Control Equipment

4/28/2015
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6) Mud System
Mud tanks
a) Duplex, double acting
b) Triplex, Single acting
Centrifugal pumps, auxiliary, for
Mud mixing and treating equipment
Solids separation equipment
Mud-Gas separators
Bulk storage, bentonite, barytes & Cement
Mud guns, buttom jets
Lightning mixers (paddle-type)0

Mud System

£2001 HowStutfores




Mud System & Horse Power

Fig. 3-23

Mud Properties Must Aid _~Kelly Hose Solids Control Equipment
Effective Cuttings Removal | A Is the Base for
Standpipe-.. Cutting Sampling

~—Swivel

Mud Pump

Wiy Hopper ~Centrifuge

Desilter

-Desander
4

Mud Return
Flowline

Shaker Screen— ’%
£
i

DUmr VALVES

2

.
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Mud Gas Separator
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@Historical perspective
»1901 - The Spindletopwell introduced @ Seffenthe o

rotary drilling methods and drilling fluid s Qw\ove'“\* Cu’H\js
»1920's - Barie was fistusedfor ~ —a.et. 1401 - Cogt. Autnony
density ToTexea  Lucas
»Qther addiives and systems followed:  _ ot jqe1-aa¥ - F,,,«p. J....&
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Drilling Fluid

—Air, natural gas or nitrogen-based
systems

-1970's — Safety and environmental

issues in addition to performance and
cost

—1990’s — Synthetic based muds now
called non-aqueous drilling fluids or NAF




Drilling Fluid

@ Major
factors in
drilling Heonomid
fluid
selection

HAszalth, Safsty, Environmsnt

%— Potro

Pariurnmancs

4.2 Functions of Drilling Fluid
The general functions of a drilling fluid are
1. To remove and transport cuttings from the
bottom of the hole to the surface
2. To cool and lubricate the bits.
. To suspend cuttings during times when
circulation is stopped.

(¥

To transmit fluid energy to the bit nozzles
To prevent caving of the formation

. To prevent corrosion fatigue of drill pipe.

S0 e N o s

To control encountered subsurface pressure.
To wall the hole with an impermeable filter cake

To support the weight of drill strings and casing.

0.To allow interpretation of electric logs

4/28/2015
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Transpomng of Cuttings to Stirface .

|Vann: Mud Velocity in Ann ulus |
deper\ds on:
*Pumprate, {

Drill Pipe

*Annular Geometry

i
| V.o Cutting Settling Velocity
depends on:
*Mud Parameters
- Rheology (Viscosity)
- Density
*Cutting Parameters
-Density
-Diameter
-Shape

Vann>>vsett
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) Dril|ina Fluid ,

»Bottomhole cleaning is primarily
performed by the hydraulics and not the
mud

~Mud additives generally reduce bottomhole
cleaning

—Bit balling is less of a problem with
dispersed mud systems

4/28/2015

2. MUNHATHAHA TN

A ITﬂMOJH\Tﬂ'ﬂH

Pressure of Mud Column
Py = Density, . * 9 * Depth

Pressure (MPa)
3 40 0 120 W0 200 260 300

Normal Drilling (overbalanced)
Mud Pressure > Formation Pressure

EVESS RESIES —
ITU..,V

| Drilling Fluid |

»Number two is to
prevent blowouts

»>Blowouts can be
catastrophic with loss
of life, equipment and
environmental damage

»The most common
additive for density is
barite

A BT Vb T AT Towse e

»Hematite and limenite are not used
very often in drilling fluids

~Only for very high density drilling fluids

Y A -5
Hinnvadlnau
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Functions Of Drilling Fluids
*Transmit hydraulic horsepower to

° PV e 4 :
While Drilling Open Hole Insufficient Mud Density
Mud Column should act as , Hydraulic Casing” Bad Filtration Properties

-Uncontrolled Fluid Entry
-Borehole Instabilities
-Differential Sticking

Sufficient Mud Density
HALLIBURTON Good Filtration Properties

Phuld Systems

ﬂﬁ]ﬁﬂlﬂ\‘lﬁ'ﬁﬂﬁu Functions Of Drilling Fluids

* Limit corrosion of tubular goods

9. doanumsannioutazANNAIVR
MU |

10. ¥aelumsmlannuvinemswia
530IHQUINE (Well Logging) 1T}
Iihl#anaauiifaieg vesiuiiv
14

HALLIBURTON
Fiuid Syntame

244 ¥ilAveaws3 Drilling Fluld

msiesiases e s e mstetéand | Types of Drilling Fluid

1z ivey #suamaluguld 2,14 Ae

The three main categories of drilling fluids are:

water-based muds (which can be dispersed
and non-dispersed),

non-aqueous muds, usually called oil-based
mud,
and

gaseous drlllmg fluid, in which a wide

range of gases can be used.
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A- Fresh water Base Mud

((is that mud with water as its continuous
phase.))

1- Spud mud.

2- Low solids mud.

3- Lignite mud.

4- Lignite surfactant systems.
5- Lignosulfonate mud.

6- Lignite/ Lignosulfonate mud.

T¥Ees of Rrilling Fluids

@Water

~Water drills better than drilling fluids
with solids

~Low density, no solids, low viscosity

»Not all formations can be drilled with
water

@Water based muds
~Clay for viscosity
»Barite for density

»Chemicals and polymers to get
desired properties

~Drill solids as a contaminant

T¥Ees of Drilling Fluids

B- Inhibited Mud

((Is that mud which repress the hydration and
subsequent dispersion of clay into the mud))

1- Lime mud.

2- Low lime mud.

3- Gypsum mud.

4- Sea water mud.

5- Saturated salt water mud.
6- K-plus mud.

B- Inhibited Mud (continue)

Advantages over conventional water base mud:-

1- will Telerate a higher concentration of
clays before developing high viscosity,

2- less drastic effects by contaminants such
as cement, anhydrite, ..

3- can be raised to a higher mud weights
before developing excessive viscosity,

4- less progressive gelling tendency.

ADVANTAGES

May be cheapest alternative in off-
shore locations

DISADVANTAGES

May create disposal probiem in
some areas

Can result in better hole stability than | Usually requires more chemical
fresh water counterpart treatment than fresh water mud
Salt saturated systems offer potential | Often more expensive than

| of highest possible densities equivalent fresh systems

| Resistant to contamination by Poor filter cake properties
| gypsum bearing zones

| High solids tolerance (sometimes) Corrosive

Reduces or prevents hoie
enlargements in salt zones

Difficult to maintain pH

May offer superior penetration rate
due to low solids content at modest
| density

May interfere with open-hole
logs

May be more dense than needed
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| nges of Emling,FIgiﬁ

@High salinity levels in the water
phase improve wellbore stability
by creating osmotic pressures
that dehydrate and harden
reactive shales

@ Usually try to balance the activity
so that the water does not move
from the mud to the formation or
from the formation to the mud

* S
KCL/polymer mud

s The basic components of potassium
chloride (KCL)/polymer mud are:

O Fresh water or sea water
oKCL

2 Inhibiting polymer

o Viscosity building polymer

0 Stabilized starch

o1 Caustic soda or caustic potash

Low pH Polymer Water Base Mud
(PHPA mud)

By admin on February 21, 2011

ged polyacrylamide
et S T e et
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Low Solids Fluids

Systems in which the amount (volume) and
ype of solids are controlled.

Total solids should not range higher than about
6% to 10% by volume.

Clay solids to be 3% or less and exhibit a ratio
of drilled solids to bentonite of less than 2:1.

Low-solids systems typically use polymer
additive as a viscosifier or bentonite extender
and are non-dispersed.

One primary advanta?e of low-solids systems is
that they significantly improve drilling
penetration rate.

C- Water Base Emulsion Mud

Advantages over conventional water base mud:-
1- Reduction of pipe torque & drag.

2- Increased ROP & bit life.

3- Reduction of bit balling.

4- Alleviation of differential sticking.

5- Better filtration control & production zone.

D- Oil Base & Synthetic Mud

Advantages of oil base mud:-

1- protection of production horizon,

2~ drill water sensitive formations; salt, clays..

3- allowing longer bit runs than water base mud of the
same weight.

4- less viscosity problems in deep hot holes.
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| Txg es of Drilling Fluids |

@ Oil based muds can be formulated to
weigh as littie as 7.5 ppg (900 kg/m?)
with mostly oil

@ Oil based muds are used to drill

~Highly reactive shale and evaporite
formations

»Extended reach drilling for low friction
coefficient

»Deep. high pressure, high temperature H,S
wells

=

@ 0il base muds are much more
expensive per barrel

@Economics are a function of
preventing hole problems,
overall, it must save time on the
rig to be cost effective

@ 0il base muds are highly toxic
and disposal costs must be
considered in the economics

@Initially, crude oil was used but
was later replaced by diesel

@ Low-toxicity mineral oils can be
used

@ Oil/water ratios can range from
100:0 to 40:60

@ Low water ratios (60:40 to 40:60)
can have very high viscosities
but they help minimize oil
retained on cuttings

I Txges, of Rrilling Fluids ‘ |

@ 0il based muds are termed invert
emulsion because the water
phase is emulsified in the oil
which means that oil is the
continuous phase

@The emulsified water droplets
contribute to viscosity which
helps suspend weight material
and reduce fluid loss

| Txges. of grilling Flgids ‘

@ Components of an oil based mud

~Qil

»Brine (usually calcium chloride)

~Primary and supplementary
emulsifiers (fatty acids are one)

»Qil-wetting agent

~Qil dispersible bentonite

~Filtration control additives

~Slaked lime

oo Putro

| Txges of Drilling Fluids |

@ Toxicity is the most serious
drawback to oil based muds

@ The characteristics that result in
superior performance of oil
based muds can also
contaminate the environment
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Txges_ of Rrilling ,Fluids ‘

@ A wide variety of refined mineral
oils have been developed for use
in low-toxicity oil based muds

@However, mineral oils are still
considered toxic

| TxEs, of Rrilling ,Fluigs |

@ Synthetic based muds (SBM’s)
are an attempt to provide the
performance of oil based muds
without the toxicity and
environmental problems

@ Unit cost per barrel is higher
than oil based muds

l Txges of Dﬁlling Fluids ’

@ Synthetics are highly refine oil or
man made, hydrocarbon liquids

@The continuous phase of an SBM
can be as much as 99% synthetic
material

@First generation synthetics were
esters, ethers, polyalphaolefins
(PAQ’s), and acetals

I Txges,of Erilling Fluids

@Second generation SBM’s are
isomerised olefins (10’s), linear
alphaolefins (LAO’s), linear
alkylbenzenes (LAB’s) and
paraffin

@Second generation SBM’s are
characterized by lower costs and
lower kinematic viscosities but
slightly higher toxicity levels

Txg,es of Drilling Fluids

@AiIr
~Drills faster than any other drilling
fluid

»Can only be used in harder rock with
lower production rates

»No confrol of formation pressure

1. acontinuous phase (liquid base)

a dispersed gel-forming phase such as colloidal solids and/or emulsified

liquids which furnish the desired viscosity. Thixotropy, and wall cake.

3. Other inert dispersed solids such as weighting materials, sand, and
cuttings.

4. Various chemical necessary to control properties within desired limits.

3.Composition of drilling fluids
Mud

is the mixture of

Clay dispersed gel-forming
And
Water Continuous phase
and

Ad(_litive

[
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Solid Phase ,

@The solid phase of a drilling fluid
consists of clays, drill solids,
barite and LCM

@There are many different types of
clays in the world but only three
major groups are used in drilling
fluids

F Solid Phase

@ Clays
~Bentonite (gel)
~Afttapulgite (salt

gel)
~Sepiolite (high
temperature)

I ; Solid Phase )

~Bentonite parficles are usually
stacked plates like the pages of a
book

»The space between the plates for
non-hydrated bentonite is less than
10 angstroms

~When fully hydrated, the space
between plates can be in excess of
40 angstroms

In drilling fluid, Montmorilloniteis hydrated in fresh water while
mixing. Water adsorbs between the platelets increasing the distance or
spacing between them, they can be mechanically separated or dispersed .

MOST IMPORTA 7 CLAY MINE" . L | DR WATER

BASE MUD : A -« Gosd Wisceai
—well Buwldivg £

MONTMORILLONITE (SMECTITE) et o)
BENTONITE —Stkilty n hick

3-LAYER HYDROUS ALUMINIUM SILICATE P,“;:’ML

SENERAL FORMULA

Si, 0,AL, (OH),0,1S1,0,
BENTONITE :

Si, O AL, Fe, Mg, (OH),0, Si,0,
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WHY BENTONITE

*Good Viscosity Building
*Good Wall Building and Fluid Control

*Good Stability in High P& T

Fig.4.2 Hydration of Sodium Motmorillonite

o

St

T

;
Poyting

\. L ine qar i

Solid Phase 8
NS T SS—— —

»The chemical binding of water
between plates and solid to solid
friction increase the viscosity of water

~Bentonite has good filter cake
properties and can reduce fluid loss
to 10 to 18 cc's if dispersed

@ Attapulgite

~Does not yield or
absorb water like

bentonite
~Viscosity comes
from interference
between particles
~Has poor filter
cake qualities

~ Solid Phase

@Sepiolite is similar to attipulgite

~It is used mostly in high temperature
wells such as geothermal wells
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polyvalent ion bridge is formed between clay particles. This is followed

Fig.4.4 Diagram to show the initial flocculating effect of calcium as
by ion exchange reactions to form the aggregated calcium clay. I
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CLASSIFICATION
OF

CLAY MINERALS

1. KAOLINITES

. MONTMORILLONITES
(SMECTITES)

ILLITES

. CHLORITES

ATTAPULGITE

. MIXED LAYER CLAYS

[ L I T X

C AYS®/

Nemenclature of Clays
Classes and names of clay minerals that are present
in shales that are drilled will include the following:
1. Expandable (s-velling) Clays:
& Smectites:
& Montmorillonite, Bouton | *‘(
Saponite,
Hectorite,
Beidellite.
h. Vermiculite.
2. Non-expandable (non-swelling) Clays:
[llite, So¥. welmn.
Chilorite,

Kaolinite,

CLAVYS

BENTONITE CUTTINGS REMOVAL

BARITE PRESSURE CONTROL

BasO, i

™MICA LOST CIRCULATION
CONTROL-

SODA ASH VISCOSITY CONTROL

Nedg

POLYMER FLUID LOSS CONTROL

CMC  Sedivm Cavisony Hc“-‘l Gllutone

SODA PH CONTROL

NaOH
LME , GYPSUM  SHALE HYDRATION
@(on), )CaSOAHO  CONTROL
Refaswm Chloride Tolibit fhe swdlng
<cl B dipansion of C."J!

4.8 Mud Additives

The following mud additives are among the most common types used in
each of the following categories :
1.Weight Material
barite(barium sulfate) S.G. = 4.2
lead compounds( such as galena, lead sulfide) S.G. = 8
calcium chloride
iron oxide
calcium carbonate
.Viscosifiers
bentonite
polyanionic cellulose
attapulgite clay( in salt water based mud)
polysaccharides
sodium carboxymethyl cellulose
hydroxyethyl cellulose
polyacrylates
xanthan gums

DI N
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3Alkalinity and pH Control
scaustics soda

«lime (calcium hydroxide)
+bicarbonate of soda
+phosphates

potassium hydroxide(caustic potash)
4Thinners and Dispersants
«chrome lignosulfonates
tannins

«lignite

5 Filtration Reducers
scarboxymethyl cellulose(CMC)
*polyanionic cellulose

«lignite

«chrome lignosulfonates
*bentonite

6 Alkalinity and pH Control
scaustics soda

*lime (calcium hydroxide)
bicarbonate of soda
*phosphates

spotassium hydroxide(caustic potash)
7.Thinners and Dispersants
schrome lignosulfonates
stannins

*lignite

8.Filtration Reducers
scarboxymethyl cellulose(CMC)
*polyanionic cellulose

«lignite

schrome lignosulfonates
sbentonite

9.Surfactants
«detergents

«amine and sulfonates
10.Shale inhibitors
potassium lignite

invert emulsion fluid
*potassium chloride
*sodium chloride
sdiammonium phosphate
~ammonium sulfate
*sodium asphalt sulfonate
11.Lubricants
sgraphite

*synthetic lubricants
~environmentally acceptable oils
12.Foaming Agents
*sodium asphalt sulfonate
=Detergent

' GEO TECHNICAL ORDER

1 PLANNING
MUD ENGG. POLICY

DECIDING FACTORS
OF MUD ENGG. POLICY

1. FORMATION PRESSURE

2. FORMATION TEMPERARURE

3. LITHOLOGY

4. CASING POLICY

5. HOLE PROFILE

8. MUD LOSS ZONES

7. ECONOMICS & ENVIRONMENTAL REGULATIONS
8. COMPANY SPECIFIC POLICY DECISION

9. AVAILABILITY OF MUD CHEMICALS AT

SPECIFIC TIME & PLACE

MUD ENGG. POLICY

+ High Viscous Gel : for Top hole section

* Non Dispersed mud / Gel Polymer : for
Intermediate sections

KCI-PHPA-Polyol system : for BCS & KOPILI

Clay free / Barytes free — NDDF : for pay Zones
Non Dispersed Drilling Fluid
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MUD POLICY FOR THREE CASING WELL

MUD POLICY FOR FOUR CASING WELL

SE BRIV for 26° hole
i5 + HVG for driling 17 ¥2" hole $ R [ e
o5
L] -E g
5 ‘3 « Non Dispersed / Gel-Polymer g‘g
5 -3 for 12 %" hole 23 « Non dispersed mud/ Gel-CMC
= e for 17 V2" hole
i 3
j___ :
- —— » Gel-Polymer/ KCI-PHPA for
{ «NDDF for drifling 8 2" inclined e :
£ section coeirg pay sorie § 12 %" Girujan & Tipam
s Non Dispersed Drilling Fluid -
3 8 « KCI-PHPA-Polyol for BCS &
. - BMS in 8 ¥2” final phase
]
R
MUD POLICY FOR FOUR CASING WELL MUD POLICY FOR FIVE CASING WELL
EH U < HVG for 26" hole 5 g ’ 37 « HVG for 26" hole
o ws
28 25 * Non dispersed mud for 17 2"
@ § i hole
33 « Non dispersed mud/ Gel-CMC i
g for 17 2" hole §
5_5_ ﬁi » Gel-Polymer/ KCI-PHPA for 12 %"
Girujan & Tipam
» Gel-Polymer/ KCI-PHPA for
H 12 %" Girujan & Tipam H
= - * KCJ-PHPA-Polyol for BCS in 8 42"
_— et phase
g « KCI-PHPA-Polyol for BCS & 8
_— BMS in 8 ¥2” final phase i *NODF in 6” phase for pay zone
a i onDispersed Drilling Fluid
- v : P s (= Nndlahas

MUD CHEMICALS
Product, Usage & MSDS

1. WATER

Most important single substance involved in drilling
fluid technology. It is major component (by volume)
in mud.

Unusual properties of water in comparison with
other liquids - highest surface tension, dielectric
constant, heat of fusion, heat of vaporization & the
superior ability to dissolve a variety of substances.

Dissociation of salts, acids & bases occurs in water.

Reaction between water and clay surfaces and the
effect of electrolytes dissolved in water on the clay-
water interaction are primarily responsible for
drilling mud properties.

In some locations quality of water also decides mud
composition or water must be treated to counteract
some dissolved substances.
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2. ALUMINIUM STEARATE

+ White powder

» Used as de-foamer i.e. to reduce
foaming action

* Insoluble in water

« Partially Soluble in Diesel & hence
treated by making solution in diesel
(2.5%)

3. BACTERICIDE

* To control Bio- Degradation of natural
organic additives in polymer mud.

» Chemically it is an aldehyde or amine &
acts as bacteria killer.

+ Dose: 0.1% (1000ppm).

» Volatile & fumes are irritating.

» Avoid contact with skin.

+ Care should be taken while handling it.

Minimum 85% mentmorillonite): Sp.gr.-2.45-2.55. Occur as
natural deposits.

Classified as sodium bentonite or calcium bentonite depending
on the dominant exchangeable cation.

In terms of performance also classified as high yield & low
yield bentonite

It is basic requirement of drilling fluid/mud (other than NDDF .
To reduce water seepage or filtration in to permeable formaticn
To increase hole cleaning capacity
To form thin filter cake of low permeability
To promote hole stability in loose formations
To avoid or overcome loss of circulation.
Dose: (A) 3 to 7% depending up in mud system
(B} 7 to 10% to stabilize caving formation
(C) 8 to 11% for loss of circulation.

Suspension is prepared in fresh water as its Fydration does not
occeur in saity water

5. BARITE(BaSO,)

Grey powder(97% of material should pass
through 200 mesh B.S.S. or equivalent) sieve;
{90+5)% of material should pass through 300
mggh B.S.S. or equivalent) sieve), Sp. gr.-4.2

4

virtually insoluble in water & does not react with
other component of mud. Calcium sulphate
(Gypsum), present some times as impurity
causes contamination in fresh water muds.
Occurs naturally & is used to increase sp. gr. of
mud to control formation pressure, caving & for
pulling of dry pipe.

Maximum sp.gr. achievable with barite is 2.2
Dose: As per requirement of weight

OTHER WEIGHING MATERIALS

+ Other weighing materials required to
raise mud sp. gr. more than 2.2 are:

« Hematite, an Iron ore Fe,0,, self sp. gr.-
4.7

* Galena (PbS with self sp.gr.-7.4-7.7 & is
used to prepare only very heavy muds
because of high cost.

6. CAUSTIC SODA (NaOH)

Used to increase pH of mud (Sp. gr.- 2.13)

Should be added slowly to make water solution as
making of its solution is exothermic reaction (heat
is evolved).

Solution should be added slowly in the mud to
avoid sudden high pH in mud which will result in
decomposition of polymers & unwanted sudden
rise of viscosity in bentonite mud. Dose: 0.15%
Avoid contact with skin, clothes, leather etc as It is
corrosive in nature & hazardous for heaith.

Do not get into contact with this on skin, eyes or
cloth. If comes in contact, immediately wash with
plenty of water for 15 minutes.

Handle with Chemical goggles & chemical
impervious gloves.
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7. CAUSTIC POTASH (KOH)

Used to increase pH of potassium treated muds & to
solubilize lignite (Sp gr. - 2.04)

Doses: 0.1 - 0.2% for normal mud treatment & 0.8% to
solubilize lignite).

Should added slowly to make water solution as making of
its solution is exothermic reaction (heat is evolved).
Solution should be added slowly in the mud to avoid
sudden high pH in mud which will result in decomposition
of polymers & unwanted sudden rise of viscosity in
bentonite mud.

Avoid contact with skin, clothes, leather etc. It is corrosive
in nature & hazardous for heaith.

Do not get into contact with this on skKin, eyes or cloth. If
comes in contact, immediately wash with plenty of water
for 15 minutes. Handle with Chemical goggles & chemical
impervious gloves.

8. CMC (Sodium carboxymethyl cellulose)

The most widely used organic polymers are the semi-synthetic
gums produced by chemical modification of cellulose. Of ail the
cellulose derivatives CMC was first to be used in mud.
Water-dispersible, colourless, odorless, non toxic powder &
does not ferment under normal conditions of use. Hence itis
preferred to starch other than high-pH & salt saturated muds. It
is of 2 types: 1) CMC-LVG; 2) CMC-HVG

Itis an anionic polymer & is adsorbed on clays. Used to
increase viscosity & reduce filtration loss. Filtration is
sharply reduced by low (0.75-1.0%) concentrations of CMC. Its
suspensions are shear thinning; have high apearent viscosity
{AV) at low shear rate. Like other polymers AV decreases
with rise in temperature. The viscosity at 300° F (150°C) is
about one-tenth that at 80°F (27°C). Its thermal degradation
starts as temp. approaches 300° F(150°C). Its effectiveness is
decreases as salt concentration in mud increases.

Calcium containing muds are thinned by small addition of CMC.
Like starch, CMC is coprecipitated along with calcium &
magnesium by raising pH.

« Dose: 0.75-1%

9. COMMON SALT

+ Used to prepare brine during activation
of well. (Used for inhibition i.e. to
prevent swelling of clay in producing
zone thus maintaining porosity &
permeability.)

Maximum sp. gr. of brine- 1.20

Dose: 3% minimum for inhibition

10. CORROSION INHIBITOR

« To control corrosion of equipments
(especially by KCl mud & brines)

» Dose: (a) Win Corr. Inhibitor- 100ppm

11. CALCIUM CARBONATE (MCC)

+ MCC is very fine powder & practically
insoluble in water (Sp. gr. : 2.6-2.8)

« Used as bridging agent & weighting
material in NDDF because the filter cake
formed by it on productive formation can
be removed easily. Maximum sp. gr.
achievable with Calcium Carbonate =
1.35

» Min. Dose for wall cake formation : 5%

12. DRILLING DETERGENT

» To clean bit/stabillisers/tool joints
during drilling of clay and increase
ROP.

* Dose-0.1-0.8%
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13. EP LUBE

As lubricant at deeper depths.

Basically vegetable oil based lubricant. It
makes a film of very high film strength
between formation & string surface thus
reduces friction.

Film strength: 20000-25000psi in fresh
water mud & up to 20000 psi in salt water
muds.

Dose: 0.4 to 0.6%

14. LIGNITE (Leonardite)

¢ It is mild dispersant

+ Acts as thinner & F/L control agent high
temperature stability( up to 260°C)

+ Deflocculant- reduces attraction between clay
particles

+ Dose- 5% (Solution with caustic soda/ caustic
potash(1:5) has to be prepared first

15. LIME STONE

« Used as weighing material .

» Basically it is impure form of Calcium
carbonate.( sp.gr.-2.65)

+ Max. sp. gr. can be achieved-1.35

+ Dose: As per requirement of weight

16. LINSEED OIL

+ It is vegetable oil & used as lubricant. it
creates a film between two surfaces
(i.e. between formation & string).

» Dose: 0.4 to 0.6%

17. MICA

18. PAC (Poly anionic cellulose)

» Loss circulation material.

+ It is in form of flakes which plug the
large gapes in the formation in case of
mud loss.

» Dose: up to 5%/depending up on severity)

+ The limitation of CMC in salt solution led to
development of “polyanionic cellulosic polymer of
high molecular weight™-PAC (Sp.gr. -1.5-1.6)

« Thickens salt solutions & is an environmentally
acceptable polymer electrolyte

« Has shale inhibition qualities, pH of 1% solution is
5-8. Available in two forms:

g‘g) PAC (LVG): Viscosifier & Filtration control.
emp. Stability-120°C

« (b) PAC (RG): Viscosifier & Filtration control. ( Ilts

% lymer chains are longer than that of PAC(LVG).
emp. Stability-120°C

¢ Dose: 0.5-1%
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19. PHPA

Used for shale stabilization & inhibition by
encapsulation of cutting in mud as well as
forming a layer on the wall of open hole.

It is long chain polymer.

Itis of two types having temperature
stability of 110°C & 140°C.

Dose: 0.2 t0 0.5%

20. POLYOL (Poly glycol)

» Used for shale stabilization & lubrication.
« Clouding at a temperature above 78°C.

» Plugs formation pores & prevents
formation invasion (by cloud formation) &
thus imparts borehole stability.

* Thickens filtrate & act as lubricant at all
temperatures.

« Dose: 3-5%

21. POTASSIUM CHLORIDE

Used for shale stabilization & Brine
preparation.

Replaces Na* in bentonite (sodium
montmorillonite) with K* thus preventing
swelling of clays (in pay zones)

Dose for mud - 3 to 8 % or as required.

Dose for brine (minimum for inhibition)-
1%

22. RESINATED LIGNITE

« Itis a dispersant & used for filtration control
& temperature stabilization of rheology.

+ Stable at temperature up to 160° C

* Dose: 1-2%

23. SULPHONATED ASPHALT

24. STARCH (PGS)

Shale stabilizer ( plugs micro fractures)

Used in water based muds for hole stabilization.

Adsorbed on shale & its beneficial effects are
a;‘tri|buted to plugging of microfractures in the
shale.

Readily dispersible in water, & stabilizes
emulsions of oil in water.

Temperature stable, having a softening point of
over 500 deg F (260 deg C).

Reduces torque & drill pipe drag.
Dose - 1.5 to 3%.

Viscosifier & Filtration control agent. The first organic
polymer used in mud. (Dose- 3%)

Most economical substance for reducing filtration of
strongly-alkaline & salt saturated muds for shallow
drilling. 0.1% dose of biocide is required to reduce
fermentation (bio degradation) of starch

The ambient temperature affects the microbial
decomposition rate; if ambience is cold or very hot, the rate
is slow.

Starch is degraded by heat & by agitation. With continued
circulation in a hole at temperature of 200° F (93°C) and
above, starch breaks down rapidly. The resulting product
continues to affect viscosity but loses the sealing action of
starch in filter cake. Consequently filtration rate & cake
thickness are markedly greater under static bottom hole
conditions than those indicated by tests at surface
temperature. Dose- 0.6 to 3.0%
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25. SODA ASH (Sodium Carbonate)

« Used for removal of calcium from muds &
make up waters (Sp. gr.- 2.53)

» Used to increase pH in mud (especially in
polymer muds).

[tis skin & eye irritant.

« If comes in contact wash with plenty of
water.

Doses-0.15-0.2%

.

26. SPOTTING FLUID

* For freeing Stuck pipe by reducing
interfacial tension between string &
filter cake and eventually cracking the
cake.

« Dose: 2.5-3% in diesel

» Should be allowed to soak for minimum
4-6hrs.

27. XC POLYMER (Xanthan gum)

Viscosifying Polymer in water & salt solutions

Water-soluble polysaccharide produced by bacterial
action (genus Xanthomonas) on carbohydrates.

Displays exceptional shear-thinning properties.

Cross-linking with chromic ion significantly
increases viscosity.

Doses: (a) NDDF - 0.5-0.8%
(b) KCI-PHPA - 0.15t0 0.2%

ECONOMICS OF MUD ENGG.

CHEMICALS

HANDLING EQUIPMENTS
MUD TESTING LABORATORY
MANPOWER

ENVIRONMENT

SAFETY

LOGISTICS

5. Mud Calculation

s 3

Flassioh o dehavier s Gurbuiens, and
taminar Row  Aier Williaema and Brwc® counocs ATME

Pigott has applied Stoke's law
@8

for spherical particles ¥, I_‘M_—'P-_)

(49) 57.5(f,2(p. - Pn)
; y, =—— i Tm
for flat cutting ¥

where v, maximum (o terminal) alip velocity of the cutting in laminar flow, 4
cutting diameter, in.
P £, = mud and cutting density, respectively, Ib/gal
mud viscosity, cp ( normally used as the 600 rpm value)
148 and 57.5 = dimensional constants which also include drag - coefficients { flat cuttings fall about 40% as fast as sphere)

Turbulent slip veiocities are obtained from alternations of Rittingers equation. Williams and Bruce

have used =
(4.10) v, = mﬁw for spheres

» (.11

v, =133 | 14.(0. =)
for flat cutting d p.

where v, ~ uncorrected cutting slip velocity m turbulent xbw Umin
1/d, - thickness to diameter ratio of cutting
The value of v, must be corrected for wall effect, or the fact that the cutting itself detracts from the annular area. This is accom
(4.12)
V

where v, = turbulent slip velocity of cutting, f/min ’d d
= hvdraulically equivalent diameter of annulus (hole diameter — pij dum ).
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Example 4.1
(a)What is the slip velocity of 0.50 in. diameter sphere laminar flow

conditions in a 30 cp, 10 Ib/gal mud? Assume p, = 21.7 Ib/gal

Solution _148(0.5°(21.7-10) _ o
UsingEq. (4+8) Y5 = 30 14.4 f/min

(b) What would the maximum falling rate be for the system in
turbulent flow? Ignore wall effect.

Solution e ((0.5)21.7~10)
UsingEq. (4.10) Y =10y——1——
(.c) What is the turbulent slip velocity corrected for wall effect? Hole
size = 8 in.; drill pipe = 4  inches.

=130 f/min

4.12 Drilling Mud calculations
Control of Encountered Subsurface Pressure

(4.13)
p
=—2-%x0433D =0.052p D
pm 8 33 x pm

where p,, = static pressure exerted by mud
column at depth D, psig.

s
V,; = volume of initial mud (or any liquid)
V,2 = finalvolume of mixture

p. = density of solid
P = density of initial mud

Py = density of final mud
If solving for V,
(4.16) Ve = Vm2p; - PuV (P, = Prz)

If solving for p, V

i 130 .
501.“"0; @12 v, = 30 - =104 fmin :
sing Eq. (4.12) 193 p,,= mud density, Ib/gallon
33 D = depth, ft

It is generally considered that 80 to 150 ft/min annular mud velocity i

sufficient to clean the hole under the various condition.
) VitV =V Example 4.2
(4.15) LVt PutVei =Pz Vmz For laboratory purposes, it is desired to mix one liter of bontonite-
Where V, = volume of solid fresh water mud having a viscosity of 30 cp.

(a)What will be the resulting mud density?
(b)How much of each material to be used?

Solution :
(a) From Fig 4.16, solid content = 3.0% by volume. By using alter

forms of Eq. (4.16) 003 Ber=Pus _ P 40
’ p—p, 23-10
From which
Pz =1.045gm/cc =8.7 Ib/gal
(b

_1000(1.045-1.0)

v, =30ce=2.5x30=75gm

L . N, o L

Fig. 4.16 Yield curves for typical clays.

PV 2Pz = Pmi)
(4.17) pY. = LA o TR 25-1.0
P: = Pm
Also V,,, = V,,-V, =1000 - 30 = 970 cc water
o i a A e AR For certain types of problems it is convenient to express Eq. (4.16) in
= M LR B e different form. Suppose that the quantity of solids ( V) necessary to
e ) 3 """’3‘[‘“‘ 2 s increase (or decrease) the density of an initial mud is desired. Then:
! ; 4.16
fll 3[ ( 2) 7 = (le + V: )(pm2 - pml)
5‘.: ;.':[ an pg - pml
H _:'// where ¥, +V,=V,,( volumes additive)
i Solving for ¥, gives
Vi
T (4.18) -
// 4 —_— V :I’ml(pm2—pml)
e e §="
L o o et e B S Ps— P2
T T F
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Example 4.4
(a) How many sacks of barite are necessary to increase the density
of 1000 bbl of mud from 10 to 14 Ib/gal?
(b) What will be the final volume?
Solution
(a) Using Eq. (4.18a)
S, _1500(14-10)

358-14

Example 4.3
(a) How much weighting material (BaSO,, the mineral barite,
sg.gr. = 4.3) should be added to the mud of Ex. 4.2 to increase its
densxty to 10 1b/gal? (b) What will the result volume be?
Soluti A LJoeede- 87 =504 ccord.3 <504 =217 gm
(a) 358-10
V,, =1000+50.4=1050cc

For increasing mud weights by adding barite or bentonite, the number of sacks of barite( S,) or bentonite (S.)
necessary to increase the density of 100 bbl of mud from g, 10 2., can be calculated by applying these two basic equations. 15

Barite is soid in 100 1D SACKS. Such a sack contains 100/(4.3)(62.4) = 0.373 cu ft, or
0.373/ 5.61 = 0.0665 barrels of net material. Theretore 1 barrel(net) of barite = (b)

1/ 0.0665 = 15 SACKS. in the same manner, knowing bentonite(clay) has sp.gr. of 2.5 and is sold in 100 Ib
sacks. When put these values in the two basic equations, the other forms of formula will be obtained as follows

“ s 10000, = p) 150000, - £.,)
15 358-p, 33-p.,

— 875(/’":2 -

sacks
1000 bbl

sacks =975
100 bbl

, =1000+ 222 = 1180 bb]
In order to hghten (decrease) the mud density by adding water,
barrels of water ( V,) necessary to reduce density of V,,, barrels
initial mud from p,,; to p,,, can be obtained.

(4‘20) V = le (pml - pmz )
" pm: - 833

or §; =

= pml)
¢ 20.8-p,,

e T T e ST T Y T IOy OO TR DI

muds tend (o settle but are remixed casily by pump-
ing or stirring. However, it must be noted thas certain
spacies of asbesios are regarded as zarcinogenic and
are not used.

2.3.12 Density Control Additives. Barium sulfate
is the primary additive used to incrense the density of
clay/water muds. Densities ranging from 9 w 19
Tbm/gal can be obtained using mixtures of baxium
sulfate, clay, and water. The specific gravity of pure
barium suifate is 4.5, but the commercial grade used
in mlﬁng ﬂmds (API barite) has an average specific
gravity of abou
Recently, nimnmc dengity canteol agents such a5
hematite (Fc 203) with specific % ity ranging from
4.9 to 5.3 amd ilmenite (FeQ-Ti0y), with spesific
Rravity ranging from 4.5 to 5.11 bave been introduced.
These materials are he&vm and ah\u rwice s h-td
| barite

materials will decrease me weight/volhume tequi remuu
in the mud. Since they are harder than for harite, the
particle-size ustrition rate will be significanily less
than barie. However, the increased hardness ratses
the question of how abrasive these materials would
B in the circulating system,

Gatena (PBS), a dense mineral having « spaific
gravity of 7.5, can be used for special drilling
problerms that sequire 4 mud density greater than 19
fbmsgal. However, the formaion pore pressure
never requires & mud weight in excess of 19 lom/gal
during normal drilling operations since this is the
average weight of the minerais and Quals present in
the earth’s crust. The hardness of galena is sbowt the
same as for barite.

Ihe ideal mixiog apsensed in Sec 22

Vst (8 ~o1)

N-S11
tog o) &

bvarmple 2.16. W is desired (0 incroase the demsily
of 200 bl of 1)-tbmvgal mud to 1.5 lbm/ gal using
AP barite. The final volume is not limitd. Compute
the weight of AP barite required.

Sotution, From Tabie 2.7 the density of API barite
is 35.0 tbm/gal. Using Eq, 2,18, the final volume Vy
s given by

35.0-11.0

Using Eq. 2.17, the weight of AP1 barite requited is
given by
Mg (Vg Vydag =(204.255 ~ 200X(4DE35)
6,255 lom.

exiremely farge surface area and cun adsoth 2
sunmcm amount of free water in the drilling fluid,

This probiesn can be overcome by adding water with
the weight material to make up for the water ad-
sorbed on the sueface of the finely divided particles.
However, this solution has the di f
requining additional weight material o achieve a
given increase in mud mty because the sdditionsl

£l

sates tendoto lower by b naxsire Th

:unp weight of (hc minerals and Auids preseat w
the earth's crust, The hardness of galens is about the
same as for barite.

The ideal minng calculations presented in Sec. 2.2
accuratcly describe the addition of weight material to
clay/water muds. These calculations allaw the
determination of the anount of mud and
matetial cequired to obtain 4 specilic volume of mud
having a specified density. When excess storage
capacity 15 oot available, the density increase will
require discarding a portian of the mud. In this case,
the proper valume of old mud should be discarded
before adding weight material. For ideal mixing the
colume of mud., ¥, and weight material, ¥, must
sugm to the desired new volume, ¥y 0

Lol 3

Vywby s VgV + —% .

o8
Likewise. the total mass af mud and weight material
must aum o1 he desired density-volume product:

s Vymp ¥y +mg.

Salving ihese simuftaneons equations for unknowns
¥, and my yiekds
ey =r3)
ey ..{2.16)
Ly > Q.16
and
Mg (Va=VFi)pg. oonniinnirrcns 217

When the final volume of mud is aot limited, the
final volume can be calculated from the imtial
volume by resrranging Eg. 2.1&

waet. this solution has the disadvantage of
requiring additional weight material 1o achieve a

given tncrease in mud density because the additional

water tends (0 lower the deasity of the mixture. Thus,
it uofun desirable 10 add oniy the minimum water
to wet the surface of the weight material.

The addition of approximately | gai of water per 100

Tom of AP barite is usually sufficient to prevent an
able increase in Muid viscosity.
requined witer volume per unit mass of bacde, V,,.
in the expression for total volume yields
Ve s VsV m¥y ¢ T8 Smg¥oy
]
Lnu\me. including the mass of water in the mass
gives

pr¥yep ¥y emyto myVoy

Solving these si oy for
¥, and m y yields
V=¥, A @19
and
AV =ME ovaicesana 2.20)
Ll skl ih

Example 2.17. 1t is desired 10 increase the denxity

0 of 12-lbm/gal mnd to 14 tbm/gal. One

and the mass of APY barite to be added.

‘nw water requirement for bame V,,B is

Ve s ety e
(P~}
and
my= V=V =¥ op ooveniiinn. 2.24

Example 2. 18. After cementing casing

&

in thve well,
is desirable to increase the density of the 9.5-lbm/gd
mad 0 14 jomsgal before resuming  drilling

operations. It also is desired 1o reduce the volumd
fraction of lowspecific-gravity solids from 0.0 t
.03 by dilution with water. The present mud yolimd
& 1,000 bbl, dut 1 fioal mud volume of 300 bt i
considered  adequate.  Compute ihe smount o
ariginal mud that should be discarded and thy
nan:;m of water and API barite that should by
Y

¥, = 500

700,53 bl

.47 it of mud shonld be discarded before
ising Eq. 2.20, the mass ol

Sotution.  The initied volume of 9.5.ibm/gal mud
neetded can be compured using Eq. 2.31, For a final
valumme of 300 bht, V, is given by

v-h)l.,!lllbmv
| lhevolume of water (o be added with stse darite is Thus, 520 bb of the initial 1,000 bbl should b

20} mg = 1,083 gal or 25.79 bbl, discarded before adding any watee o barium sulfase.
3 Using B, 2,22, the vohume of water seeded is.

_, {33.0-13.0) 800 - (35.0 - 9.5 420

Comsiderable savings caa be acheved in mud w
| et cexts for @ weighted mud system if (1) the

| wtame of new mud,

B ol mud volume is held as fow as possible and ()

b patment costs for & weighted mud system if (1) 1he
| mud volume s held as fow as possibie and )
d conversion from an unweightad system (o 3
weighied system is done with the low-specific-gravity
§ Wids @ the minimum possible concentration. The
 eduction ta solids concentration by difution is much
F b expensive belare the conversion is made because
o mud disoarded during dilution does not contain
5 APE barite. When mud dilution just precedes
snighiing operations, the proper volume of old mud,
¥ Stuion watee, V. and mass of weight material,
@y, sha shonld be combined to obtain a desired
. can be determined using the
ok muing colewdatives. Por ideal miking, the rotad

[ § sxovoiume is given by

ny

L
n

(35.0-3.33)
= 171 bbl.
Lising Fq. 2.2%. the mass of APY barite needed iy
given by
" g (00~ 480~ 1 TEHAZNIS 0) = 219,000 tom.

23,13 Solids Contral for Welghted Muads.  Thel
addition of solids for increasing density lowers the

amowt of imers formation solids that can be)

tolerated. The ideal composition of a weighted
chay/water mod is (1) water, (2) active clay, and (3)
inert weight saterial, Thus, every possible effart
should be made to remove the undesirable ivw-
gravity solids by screening before their parsiche sice is|
within the size range of the AP] basite!
particies. M ! cannot be used alone on

wwiarly, @ mass balance ou the mixing §
sires,

L aVea Vo,V oy,

A hird equation can be obe
same baliwe on the low-spogil
b o bow-speciiico sohds wan be
apressod in ternes of the peeserst olame fraction, £,
adthe deviveid sew voltme feaction, £,

by perforniiog a
sravity. solids.

2eta¥y
| wiving these thee spuatians dmultaneousty yields

L e et : RRPRORE o

e

13 hocause their cut poins falls in the
of the AP basite as shown in Fig,
However, they sometimes are used i con-
Jussetion with & shaker soreen ta increase i tow rate
capacity of the sulids remaval equipnent. A series
arrangement of 4 hvdrocyelone and 2 shaker soreen iy
cabivid @ onut clvaner. N s suited best for s of
maderate density (befow 15 thm/galy, The five solids
that pass theough the screen can be hasdled by
dilutron-and cefloceulatos.

At tigher densities, the mud cleaners are mach fess
efficient. Much of the coarse solids in the mud
rematn in the ligual stream exiting the 1ep of the it
and, this, bypass the soreen. Also, dilution reguires




4/28/2015

6) Mud System
Mud tanks
a) Duplex, double acting
b) Triplex, Single acting
Centrifugal pumps, auxiliary, for
Mud mixing and treating equipment
Solids separation equipment
Mud-Gas separators
Bulk storage, bentonite, barytes & Cement
Mud guns, buttom jets
Lightning mixers (paddle-type)0

Mud System & Horse Power

Mud Pump
Two types of mud pump are normally used in
mud system as follous

1)Duplex double acting stush pump
2)Triplex single acting pump.

Pump are ly rate hudraulic horsepower
as defined by
HP. _—1‘7”1’4 fore=100_

Mud Pump
1)Duplex Double Acting Slush Pump
2)Triplex Single Acting Pump

S—
3 Y
v

Fig.) 24 Schematic valve vaseration for double acting shash primp

= il Dl "'x—l—xe
Q= [2¢( 3 - 4)91‘\ =
Q =0.00679SN(2D2-d2)e gal/min

Horse Power = (Q x P)/(1714x E)

2

Example 4.5
A mud engineer finds from pilot tests that 2.0 gm of CMC is required to obtain the desired water
loss reduction for a one liter mud sample.
(a) How much CMC should be added to the actual 1000 barrel system?
(b) What will be the cycle time for a duplex mud pump system ?.Given ; pump liners = 7.5 in.
diam., stroke length = 16 in., piston rod diam. =2.25in, and N = 40 spm.
Solution :
(a) CMC needed = (350/1000) x 2.0 x 1000 = 700 Ib
(b) Recalling the Eq.(3.32) For a duplex double acting system mud pumps.
g = 0.00679SNQ2D*-de =V, / 1,
Where ¢ = pump discharge rate, gal/min
§ = stroke length, in. N = complete strokes per minute
D = piston (liner) diameter, in.
d = piston rod diameter, in.
e = pump volume efficiency, commonly used as 90%
= system volume, bbl
= cycle time, min

o 61907,
SNQD' —d*)e

_ (6190)(1000) -1
(16)(40)(((2)(7.5)" -(2.25))}(0.90)
If 20 sacks of material were needed, they could be added at the rate
of 20/100 = 1/5 (one sack/five min.)

Vm
':

00min

4.13 Oil based muds

L. Advantages

Oil muds have shown special economic advantages when used
ith minimum mud weight.

3.To drill hot holes

4.To drill and core pay zones

5.To drill evaporite containing formations.
6.As a directional drilling fluid.

7.As a slim hole drilling fluid.

8.Drilling through formations containing hydrogen sulfide (H,S) and
carbon dioxide (CO,)

9.As a perforating and completion fluid.
10.As a spotting fluid to free stuck pipe
11.As a packer fluid.

12.As a workover fluid.

13.For corrosion control.

14.As a casing.
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Emulsion: Theory and Practice
There are two types of emulsions, which are the mixer between oil and
water by using emulsion technology, namely oil- in-water and water-
in-oil, are generally applied in oil-based muds.
Preparation
The example for initial preparation of the oil based mud should be
performed in the following manner :
1. Add all of the oil.
2. INVERMUL (Emulsifier for stable water-in-oil)
3. Lime (Ca(OH)2) ( For alkalinity control).
DURATONE HT (For stabilizer and fluid loss control),
Water.
GENTONE II ( Bentonite for gel and viscosity)
EZ MUL (stabilizer)
BAOID (Barite)
Calcium Chloride (for stable emulsion and increasing chemical
activity)

OO P WN =

+Fig 4.17 Emulsions Theory and Practice

Air-drilling system consists of equipment as follows:
1.Compressors.
2.Boosters.
3.Mist pumps
4.Chemical pumps.
5.Rotation kelly packer or annular BOP).
6.Pipes and Blow line.
7 Meters and measurement apparatus
8.Location layout and aerated mud system are shown

in the following figures.

figures.

N
2w
- R
- \‘QT‘X\“\&Q.
\7“’ T
3 5 ) r\r w0100
. LRkl rgee
Fig. 4.18 Pepetrationrt V5-Time Plot
2,000 “
g Hove }
5 4000 \ N
3 41led with owd
illed with gasl -
8,000 vYY—-——‘———l -
10,000 53636 o 5% % 1% Do

Figure 3-58
icyclone (Courtesy of SWECO)

Ape = Aps+ Ape+ Ape+ Aps + Apac Bpap

Fig 4.27 The circulating system
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14 A drifistring is composed of 9,000 M1 of S-m.
19.5-ibm/ft driiipipe and lwﬂoldxﬂ!
naving a 3.0+, ID. Compute these items:
3, (awa() of (he drilipipe in barreis. Answer:
129.8.
5. Mﬂyo‘(h&ﬂlx‘oﬂulmm.m
.7 8.
2. Numbee of pump cycles required (o pump
surface mud ta the bit. Th:wmaul&lpkl
ating with fein. limers, 2.5-
strokes, and opersies Al 4 volumetsic
L"& Answer: {, I&hvd«
Displacement of the drilipipe in bI/ft. A
ww nmbw/umxoum
of the drill collars in Bbl/ % The
ODoY‘kooihnulom Answer; 0.0334 bbUIS.
£ Lons in fund levet in the well if 10 sands
(1heibbles) of ace pulled without filiag the
lﬂk The (D of the casing in the hole is 10.05 .
Answer: G4 fI.
& Lm in fMwd level in the well if one stand of
m ars is prtled without filling the hoie. Answer:
! /r

. Chamge in Quid level in the it if the pit is 3 1t
wids and 20 11 long, assuming that the hole is filled
afier pulling 102y of driligpe. daswer: 2.5
i, Change in fuid fevel in a 3= X 3
assaming thas the hoie w filied from the trip sk
after puiling 10:tands of drillpipe. Answer: 5.6 )
115 The mud fogger places a sample of caksum
carbide in the drilliring when ¥ comnection is made.
The calesimn carbade reacty wi 1 mud o form
scerviene gas. The acetslene iy detected by a gos
desetor M the shale shaker afier pumy 4500
scrokey, The deslfstring is conposed of 9,300 & of 4
.. 19.5.4bwf: deiiipipe and 300 1 of doll soitars
taving an 1D of 2875 in. The pump s 3 double.

rods, 16-in.
lkmy of

Y SecTR T
. Determine which bit gives the kneost drilling cost
1f the hourly operatiog cost of the i is 1,000/ and
the trip time 15 10 hours. The connection time is in-
chaded 1 the rouaing time shown below.
L Imarval  Recstiag

Exitied

Cou Time
M Gow)
o5 ¥
3
" i

Amrwer; Bic 8 ($183.13/01)
1.19 The penetration tates using
anad i an srea are 10 ke, 5 hihl lnd i !t/}‘r

plugging treszment is $2,000, and 25 hewars of rig time
are required to complete the seafing oparatien. The
normal operatisg cost for air drilling 14 3200/, The

use of menw mu-m =l additionat
mad s

The normai oper when using

S0/ he. l«ua.n of the dnl:-u fuid wed, the

avecage bit cost iy $1,000. The sverage bi fife js 24
hours. Determane

dnlied, Aaswer: gas is best for both asumptions
(835 80 /1 and $63 .50/ 1ty

1230 Pipe being recovered from an interval of
bershale pas » visn o6 $30/1 O Uhe sveregs, 30
hours of rig time must be expendad to recaver 200 f1
ofsipe. The st per Took (0 uidrack the well and
redriil the junked umterval of horehole woukd be
about $150/ft, Do the fishing operations appear
profitable if e average operating cost it S50/ he
uumcuu abandoning the juriked hole wouid e

wately $3/07 Answer: [lhing is the best

dlﬂmluﬂ | 830511}
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Typical Drilling Time Breakdown

Inefficient “Making Hole!

Drilling Problems

— / Downhole

g WP Dargs: 31

e e wLroblems
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X What are the factor affecting rate of
penetration?

X [1[JRock type, porosity, and strength
[J[JBottomhole and bit-face cleaning
and differential pressure at bit-rock
interface
[J[0Bit diameter, type, condition, and
jet configuration
[10Weight on bit and rotary speed

Chapter 7
Factors Affecting Rate of Penetration

1. Personnel efficiency

2. Rig efficiency

3. Formation characteristics
4. Mechanical factors

5. Mud properties

6. Hydraulic factors-essentially bottom hole cleaning

4/28/2015



1.2 Rate of Penetration V.S. Factors

ROCK & FLUID
PROPERTIES

-COMPRESSIVE STRENGTH

-HARDNESS OR ABRASIVENESS

ROP.  VARIES INVERSELY | .CONEFINEING PRESSURE

-PLASSTIC

i -STICKINESS OR BALLING

ROP varies -MUD DENSITY, VISCOSITY
-SOLID CONTENT

BIRECTLY -FILER CAKE

A POROSITY

A PERMEABILITY

A SURFACE TENSION

A MECHANICALWOB, RPM,
BIT TYPE

A HYDRAULIC FACTOR

6.3 Formation Characteristics

1. Compressive Soengih
- bittwt asfiosous Com.str. 837w

Scraping or Crushing Acting

2. Abra-siveness
- bit AMeaid gauge protoctiomn Vi wils

3. Overburn Pressure .
e P awndiuuads §le8n Slsufis Deeper —» higher Pressure

= High Pressure-hard rock-difTicult o drill

4. Porosity & Permeability
@, K @ eeEiFa high Porosity & Permeability

- Easy to drill

S. Pore Pressure
Fe UL Mud we. 33W LWifis “"Overbalance™

Overbalance N Auwunnd “"Chip Hold Down'™
High Pore Pressure —smore difficult to drill

S. Srtickiness of "balling tendency ™
Bit bailling & Bottle hole cleaning

If ot sufficient cl ing — d ROP
Audd center nozzle at bit —simprove ROP

7. Elasticity — Birittle or Plastic
frgatiussyusta anuTFies unnsinal¥ long teeth

The high —»resists to brealk —used long teceth bit.
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6.4 Mechanical Factors

6.4.1 Weight On Bit

Rp = a+bW
6.4.2 Rotary Speed
R, = f(N) n<l
(6.6) Rp = fWN for soft Rock

= fW'"™N"  for hard Rock

(6.7) wN = K
where
Rp = Rate of Penetration , ft/hr.
w = Weight on bit
W weight on bit
w - d  bit dia meter
a,b = Intercept and slope
N = Rotary speed, rpm
F = Some function
K = 5x10° Ib-rpm/in
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~ Factors that affect Penetration Rate
+—_——
Variables:

» Type of Drill bit

» Bit weight

» Rotary speed

» Bottom-hole cleaning

» Mud properties

Fixed Factors:
» Rock hardness

» Formation pore pressure

Bit Selection is based on

» Past bit records
» Geologic predictions of lithology
» Drilling costs in $/bit...

» Drilling cost in $/ft




Bit Weight and Rotary Speed

> Increasing bit weight and rotary speed
boosts drilling rate

» These increases accelerate bit wear

» Field tests show that drilling rate
increases more or less in direct
proportion to bit weight

4/28/2015
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Factors Affecting Penetration Rate

Effecting of Bit Diameters
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RATE OF PENSTRATION (bmn)
8

o




.

AT Db PRNE AT N i)
vy @

@ - N W s @

e

N

—_—
gL RISMSsS BB IRE

GERatIUN ANETRITIA AL, TTAN

- T

4/28/2015

s ¢
i
\

8
——t—%

BRILLING R&TE, FT/MR




4/28/2015

BNILLING NATE, FT/HR

i
Bits
B o 7
1 |
Insert \ .
Steel teeth impregnated
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 Droq B A B Qoearifier . .
TR 8k L%—‘:;F%‘ Cutting action
Tmre I | en: Gouging S
i LT P gl M oft Formation : Gouging-Scraping
e "f::::',..“':—- b ﬁ,‘-’ou_;k P Most Aggressive Cutting Action
:ﬁm,‘tz;“ﬁ" s 3:‘:‘:‘::? . P Typically high ROP applications
&/ s 70 - Surfpu sd damevd BR . o .
_vu(m Vs Webon . - » Hard Formation : Chipping-Crushing
= s S b cortvg b4 P Most Durable Cutting Action
..?mahfw" 4 Vadivmbeud P Typically low ROP applications
lmm :j:w S. Hed
Sovordd A+ et

Gouging-Scraping

Gouging-Scraping Example

Like.....using a shoyel in the garden

Chipping-Crushing

Chipping-Crushing Example
Like.....using @ hammer and chisel
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I I
EFFECT OF BACK PRESSURE |

0 -5,000 psi

*

>

Drilling Rate, ft/hr

6.5 The Effect of Drifling Fluid Properties on Penetration
Rate.

The eifect of mud density has already been covered since it-
governs the pressuee impased on the hole hottom. This is probably
the main factor contribubing 1o the suceess of me dnlling is such
arcas as depicted by Figure 6.3 The effect of mud density is
probably not compietely expressed in terms of the pressure exeried
by the wud colwmn.  Rather, it should be considered i terms of the
pressure differential between the intersutial fluid pressure in the
rock and the anposed pressire. =

1
Yo 2 1 [
N [
N Maos T 1
3 v d wat e 2
3. %
i g 5 s
00 f
i
e ({ B —
£ W W o X0 W W w0
Oons

Fig. 6.3 Relative driiling umes of ar vs. mud dnitled wells i
Atoka County, Oklahoma. After Adams,™ courtesy APL
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Mud weight (ppg)
Tezna splake (ppg)
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ROP (B M)

Rock Failure Mechanisms

T8 F2
Mancos Shale
85,000 Lbs, Wt.

3
04 §  Dwt®
e ‘Failure (Fatigue)
: T T T T v v
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AP (P8I}




Rock Failure Mechanisms of Rolling Cone Bits
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6.6 Hydraulic Factors

15 Rate of peneration is dicectly ‘proporuonal ta woz e velotty {at constant circulanon rate)
d3

volum e (at constant aozzle velocity §

% Rawofp is dizectt prop
HPg= HPr- HPy

where HPjz= bet horsepower
HP, = totsl pump horsepow et

HP. = system horsepawer exclusive of bit

Since
a.

gapt
HPm 513 4ape= constant

S HP, = 1714 Also

HP,= {qx ap)1714

Substinating Eqs. 57 inta Eg. /7y, we um & at an es presaon for bit horsepower .

HPp = (g3 apdi7H4 - 1714

Differantiating /7 with respect to ¢ noting that Ap; = constant. and sohving for maximum 3ps wich is

the desirzd aparating condition -

{6.19) Ape % 035ap or (6.102)  3pa=0633p:
Fsamph 8.1 From Figure 7.9,
Sumstiat HE,
el el Ay = 0.260 in2 = total aren of 3 nogsles;
L pipn 44 fn, 10813, 1F,
ES onliace, ~ 508 1% Jomg, 51 . ok, zyuum. hence x
;:\ Y eome, oy, collog vtttk N 445\
PR~ inetpuss —— 332 1
Roapeined amsatas veloeity = 190 Pmsin lowin oxparieane dy = T = 0.332in.

Esiamuin 15 (wosbivg ronditions o wliztion of 400 1P,
(X Moo sae 38 S0 76 doptdy, (33 Noonele e ab 10506 2
shepts.

Sodtion:
10 204 af eaare e iatn s will s the el pencnee
Ko of O Hzgheon chants in Chaglter 7.
i o BAKAY ~ i,
« JARIKTE ~ BRI
= B0 ok fin.
Hiney
P~ ~»‘
a7 m N .
Apy - M o YR g

Thoss arw ctn shy iompansd apersting ity e cimelating
ohmnoe 3ol svonson.
D Crdentating hpsdrasiie o,
dp = Mpsd (Fugare 73, 50
A o 20 Pigwre TH A
Spe o~ 100 (Figae 2.3, 2} in
Ames = Mo (Firare 741, 63 )

The nearest larger xko‘:k nozsle size would normally be

wlented,
A AL LL500 1L,

Ap. = 20 psi (same as above)
Ape = M0 pst {twice)
Ape = 100 psi {same as above)

Apue = 26 pei (same as above)

Apap = 110 psi (twice)

Ape = 685 pai

Spy = 1060 — 696 = 124

Hencr,

Ax = 0.200 in2

Aoy~ B i (¥igure T 14 41 iR
Sne - dy = 0.351
Bps 100 - 42 IS0

Prun Sz
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We now conidder & socund apprasch in which 1ol
presaire jox, dpy, b8 heid constant o1 sme makiman
value a8 dirkated by pemp and/or surface connestinn
eatingy, 540 T thaw rate g will be trestiad we & son
strsinnd \ruu«h&; fre o vary above some miminsw
YOIue, i, 9 2 guin; whore guie dupendis on the: i
sary anmular velority snd holepipe chaine
Amaming turbuieat Sow and that annslat lwoes ase
relatively wnall, we may write:
] Ay @ Kgnt
where X, is depondent on pqm totsghts, <ira, tool juint,
mtundpmpmm i mmstant for o given %t of
operiting eonditions. power expenditire is

AP

& ur,  Bas
Ao,
@ e, uﬁ%
Jrubstitating Equ. 16) and (6 iata B, (1}, we arsive e
u.upcmx it horeegeawer

I N
poiffeeentiating 7. hpeet W g, noting that apy =

provatant, aml wdving for sopnmum Apy which bt
fienired siperating conditiun .

NG PENETRATION RATE Chow 3

S«;h«tm;wg Ape o DG8 Ap,, € = 095, and sabving
fnn

R v = o.xmq,x--(sL)”‘
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Bammple 8.2 Conatars Prosues Operation
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| g T
hd/or surface conncetion
will be treated as 4 ren
abave some minimum
a depends os the nenes
bpipe cleamace,
that suoular lossexs are

by
p lengths, size, tool joint,

histant for & given set of
fer expenditure is

.
- ¥

H

o

5]

i

=)
=

to Eq. (1), we arrive at
r:
LSl

1714
to ¢, noting that dp, =
i 4py which i the

o \am/
Exumple 8.2 Constant Pressure Operation
bt uy rework Braraple S0 asundug the aome g sies,
N’f" st ddepth of G0 1. This time we will it Ay e 200
pma:“aml # Viry, sccarding th our recent disewssion. Tnie
mesiiately we see thiat dpy » 700, andl, S = 1500 paigg.
\

Sofution:
N0\
-0 ( )

To deternnne K we aud eonvider both the dell pipe and
dnd eoflar seetion.
1t can be showa (o Problu 6b) that

ey

whors £y, by < Tenged of deill collurs and pipe, scspectively, ft
de, 4y = interoal dinmeten of sune, in.

‘L
e tatbulent gresssiee I inside pipe,
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{ace Problem 6)
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Example 6.3 {After Spee

A cortain g is available to drill 2 LI00-1 homogencous shale
section. It i desired o determing: (@) opimum operating
conditions for the available rig and (b} the equipnient reguired 1o
drill the shale seetion mest cconomically. The given parameters
arc as follows:

1. 400 HP pump
2.4 i ~in. drif] pipe
3.9 -in. hole

%

4. thwee ﬂ i bit posedes

When the shale section is drifled, short-duration wests of weight
vs. Penetration rate are made {1} 1o ¢stablish a drilla
the formation and (23 10 determine at what w
ball up with the available pump {2 entative §
esiablished o select an appropriate rotany

dex must first be
spoed).  These test

Typicol cross section of furbine bloding
showng the flow of fhad through one stoge of the ut

Fig. 6.10 Elementary diagram of turbine component. After
LeVelle,44 courtesy Petroleum Engineering,

Fig.6.11 Cutaway view of the Frg¢nch (Nem
turbodrill. After O’Connor,*> cg Lirtesy Ti or

o MUD IN

ROTATING DISKS
FI%ED DISKS

TURBINE

T STATORS -

g
! LOWER
i BEARING
i

Fig. 6.12 Schematic rig layout for simultancous drilling operations.
. Adlgr Theriot,** courtesy AIME.
Y

t |

| Plan v, rocking piottorms

120

::r:.}’.m./l
D |=)
v

Floor plan

Top view

T

ool ramp side
of si deilling rig
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{/ 3
C,‘i (W +_£ +CG+C +C+Cy

Eq. 8.15: | &

\,

(6.15) Cy = >

= average direct drilling and completion
cost/ft
Cy =rig operating cost, $/hr
Loy = maintenance and trip time, hr
D = depth interval
Cy = bit costs
Cy = auxiliary equipment costs, such as
turbodrill, etc.
Cy, =mud costs
C. = completion costs, including casing,
cementing, etc.
R =average on bottom penetration rate, ft/hr

where Cp-

fqihim W N

EXAMPLE 64

.
Yoy i A

s
PR Y

Wogi

oo

Wt {

pounds

et B cownides 2 changs

i 508 fittt $100 1 $ 100 e

[

!

4000080000

car Guating

280 powndi

omsader  showing of

st

e baen abdn i
W SOOI T 10, 00094, 00 pounds

opsine it we 130

St ”\ L o R

Mean
Bit Rowdng  Connection  Penetration
cost Time lime Rawe
Bit (53 {hoursi Chors (tvhn
A 800 148 0. R
B 1900 7 0.4 126
C 1.560 938 0.3 10.2

Solution. Yhe cost per fom drilled for each bit type can he
computed using Eq. 6.17 For bit A, the cost per foot is

$00 = 400148~ 0.1 -
C, = e 2T $36.81
Y = $36.81 1t

or Bit B.
4900« 6377« 0

simitarts,

C. o=

Finaily, for Bit C.
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> b slope of the line.
[we cxpress overbalane m terms of equivalont Cur-
Saieg mud demsity p,. and por prssure gontient g,

Ipwng)=tLOS2 Do, ~rp ).
Taiing this expression foe overbatance in Eq. 5183

DR} ~0.052mD, =2, )
=0.052mD(g, ~», ).

L 1 A

density o pore pressure gradient © changes i peaei:
Hom o,

Esampie 5.6 The slope of the shalie fioe in Fig. 5.42 has
2 value of =0.000606, Bvaluate the cocflicient @, for
this. value of m and estimae the change in penctration
rate i this shate at 12,000 fi to be expocted of the mud
density i increasod from 12w 13 fomigal. The curment

:
5
&
i

penctration rate in shale is 20 fithe
Solurivn. The eocflicient iy is given by

2470.052(0.Q0666) =« 35 10 "¢

1 i

o 00 OO

X 4
1500 2000 2500
OVERBALANCE - PS1
iy, 5,42 rrmnentiol (Ol3lon Detween DeneIr I ke 3G QYMBIANCH far Oing Culins ba%

Fig. 5431y

By 5185 can be reamnged using the definition of ¥
commmon loganitho in terms of the raiial pensination e
Ry and mud density p, 10 give

By wRyx 19" » By IO N, 2h

Suitacly, for the finsh penctration rate Ry snd mud den-
IRY iy, we obtain

By Rax 10055 o2 30k, gt

Dividing the cquation for £y by the equation for &,
gives

N

Fig. S.44-. ypical sespormn of paoetraton
—— L —

f)fbil weight (Segment dey. This type of bedaviny ofid
i calied it ing. The poor response of pencn)
siom rate at high vatucs of bis weight usually is aitnbsed
t less efficicat cleaning at higher raes of
cuttings generuion or 10 & complete penetration of ¥
cwwuv:ﬂkmiuolhch*m
A typcal phot of peaetration ratc vs, 5
saind with il other drilling variables WWW*
shown in Fig, 5.44. Pectration mate wsundly incresscd
l:mywnﬁw-ymedxlvnvdmdm!yw

Arhqhnvdmo(mwyw.uwmmu
G Tate 1) increasing Jotary spoed. gy ﬂ: x

ity 3, we obtain

Dz, g

Ry <Ro %10 wRge? 0% D, ey

.R_E o ANy
Ry
Solving for the final penetrition e Ry yisids
Ry Ry X RNaNa a5}
_20[,! el S oz g ] 7,60 G,

7.4 Operating Coaditions

The effect of It woight sad musry sposd on peacteion
£ fras doen stdied by wmzx Satiors th oy the
fabwratory and in the fiels. Typeally, ot of penetea.
1o rate Ve, it weight obtained experimentadly with i
ahcr dnding  varables beld  constant hax the
characicnstic shape stown in Fig, $43, No significas
Penetion fise is obtained until the dsrcshold bit weisht
™ oapplicd (Pows ). Penetration e thin R
rapidly Wit s oeasing vaioes of it VI {oF neadenyes
abues oF bit weight (Segmont by, A lineas curve is ofeon
Sheesved m maxicrate bit wetighly (Scgment bes

Hewever, 4t higher values of bit wright, subscguest i
crease in bit wapht casises onty slight wnpawsaents i
penctistion rate {Segment iy, I some cases, 5 decrease
9 pOBRLTIOn Fite i absorvedd at extresety biak vt

[ TS TOT T TR pe aetratstt tate Ky and mud b

Dividing the equation for Ry by the equarion for &,
Rives

T T

A typical plot of penctration mte vs. rotary speed o

sained with all other drilling vanablis held constus -

‘_Mi-n in Fig, $.44. Penervation mee usunlly increasm
linearly with rotary speed at low vatues of rotary speos.
At higher values of otary specd, the nesponse of peness
o re 1) increanng totary speod disminishies. The
mmpomse of penctration e st bigh values of ray
speed usually 1 also artribuwed © Sers efficient b
tomhole cleamng.

Maurer®> developed i thioretical oquation for sy
<utier bits relating penesratuon e 10 bif wizight, tas
¥pecd. bit aze, and ek sivength. The oquation wi
denved from the Bollowing observation mude i St
100th impact expenents.

1. The crater volume: is proportional fo the squase
the depth of custes penctrtion.

2. The depth of cumter peneteition is invarsely pger
tiimml 1t (e voek stiensth.

o these condicons. the pemtration rate X i giventy

- AN

where
K = comtane of propormonaity,
§ = compressive strenpth of the rock,
W i weigh.
Wi = thresbold hig weigh
#a b dhametor, and
N = rotary specd,

This theoretical relation tsstunes pestiet bumombek |

eleansoy and incompletc bie Koot penetratio

The theatical enpaion of Magor win be vrnfied w ]

ME experuncatal ity ohuiaed R aslatively dow b

| lnidus oquation the threshold bit weight wits assumed

ORILLING BITS

6 5.43 and 5.23. At moderate values of bit weight,
seight exponent usisally s observed 1o be closer foa
ol one thar the value of wo predicsed by Eq, 5.19.

figher vatues of bit weight. a weight exponent of less

e usually i3 indicaved. Bingham'® sugpesied the
iag drilling cquation on the basis of considerable

and fictd duta. The average penetration
it weight AW can be obiataed by dividing this equation
by the e interval A¢ required o drill off AW

(5.2

e K s the constant of progerionatity thet inclules
et of rock strength, and ag is the bit weight

i negligitie and the bit weight exponent must de
snined cxperimentally for the prevailing conditias.

ata represemative of the prevail:
- has proncered the development

rifling conteol system m which both

S0 weight and mowary speed could be vared
ily when 4 new formation type was en-

and the by weight und rary speod oyponent
ncatly computed from the olmerved penetration

s msponse. Values of the bt weight cxponest ab-
rod from fieht da _swee {on S0 2.0 shils

Solving this cxpession for AL gives

:)ln"nw
L i

than the pipe bindy and exsentially do noe contribute to
abservesd. Replacing £ by 0,95L gives

the fength chaage
L aw
R = 095 — A KON OB g 2
v 5.2

al

The length g , 32 | g g5 2 3T
can e i Ar Edy At

Care must o pRIET™
of the bit at the inital bix weight of the test defore per-
forming she drilloff test, The following procedure was
adapted from 3 Chevson 1.5, 4.7 recommended prac-
tice,

1.
uf aniform lidwlogy (ssually shaie} is expected.

i ble Sl ik e dd ke i

a7

ion mts abserved for the change in

L AW
£A4 Az

L AW

Setoct 3 depth 10 rum the dnfloff test wheee a section

T WhEH ® GCw [OUTmR Type was o
eod and thae B weight and sotary speisd exponent
dally cosputod from the observed penettation
sponse. Vakues of the bit weight cxponest obr

froom field data range frem 0.6 10 2.0, while
of the rotry apeed expovent rnge frm G4

49,
Brquent changes in fithology with depih <an make 1

ot & valnate ihe bit weight and rotary sped exe
foom & seres of penctoition mle measutemeats
e w variouy bi weights and rotary speeds. In many

e dicrase in it weight with time while maintain-
4 constam vorsty speed. Hook's law of shaticay thea

| nca o changing it weighi can e detenmined over a
L shons depth imervat

| 0k’ Liw statex thoupsh chansegin girews i direetly
s hoOk S [aW
a0 = Kae A5=EAE *2n

e cuse of axial tenswn n  driinng. e s
gt 1 she Chiange it bt we g Gaxial teasint
desind by s cromsesectional v of e drillpue. The
s i steass 1 oqual 46 10 vhanee w dnfigpe length
et o, T ol 3 =
‘AT- B me o

L

SAed Trom & Caevion .5.A. 10 recommended prac
b,

1. Select 3 deph to run the driliaff test where a section
of uniorm tihology (usvally shate) is expecied,

2. While drilting with the bit weight currently it use,
ok the brake and determing th e reguined 1o drill off
10% of this weight. This is catled the charactenstic time.

3. Increase the it weight to the witial vialue of the
dnllotf test, Thix mitial vidoe should be at least a 205
iwesase in bt weight over the bit weight curremiy in
use.

4. Dtk at this tir waight long enough to cstablish the
new brombols potters of the bit, The fime allowed i
wsmatly ome chamsctenstic time per 1O% incrcase in bit
weight--.g., & titne interval of twice the charactenstis
time would be wied for 4 20% iacrease in et weight.

S, Lock twe beake and maimidin a constast sary
spead, Record the time esch time the et weight flis off
2000 10, 1 the weight wdicator is Nucwatieg, e te
mudpoiet of the fuctuations as the Ml weight, Contims
e test unthl at least S0 of the imtial bie weaght hax
been dritted off,

6. Make 3 plot of &7 vi. W or R vs. W ssing log-log
sraph paper. A steaight-line plit should rosuit having 4
stope equal (o the bit weight exponent. Devisuon feosn
et ewe hehavior may ocour at fugh bit werghas if Bt
Hounidenng opcurs of 15 impending.

70 nae peenats, vepoat the o1 ab a diffenont oty
pecd, 17 it flemndaring (postinear behavios ar high bit
weights) Wi pbseret in Hhe wiGal (Cst, o 4 bover
rcary spesd 1 she socend wet. 1U o0 it Bousdensag o
curred in the niial 1ex, Gse o Bigher 0l spec 19 e
sevond tos

The oy speed exposent can be obuamed using

fattes obtained o ferent otary specds

Exvaepie 5.7 Unng the Bailowiog Mot rex dass
st the Bt wrighe xponent and BEIN SOV CAPo-
et The tengh of dollpspe at the fme of 106 100 was
T0.000 B anad the SOMDIE Nan & <t soehond ava of
BIIN wp s Yomog o mwedulus Ror sleel s Kie 105
Asapsins i (e thresiolit ot e i oo

ot Mo 1 onary aed « §M0 rpe

£
a6 Pl
2 w2
4% 433
Eed m
i 626
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it Wt Elugeaxt Tone

11,088 towp sesoming
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o tha
L 40
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S0 Ih
a2 414
% A28
4 Bl
Pl 713
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P T s it
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50000 g Wk

£ moor

The deskioft 1 data have town ovatuemed onemg s <
o0 Tkl 310,

A ok OF Pencersties fa S Cr Rk Wil ar e
Comaneied o gl paper Ten e meadts of
dodioff wa amatyan. Thes fus been done e Fig % 4%
Grupbasab cviskuatnon o e sispe of the ssght fue o
Twan of cbex i um Fag $A3 viha & vabuc ot 1 6
o, ot s enand B @it ¥ ot i Spprvseskatiely
16 fise values sof et wongte fctow the Somnser g

ey el caponiTh v be ovatuated from W
g Detween the G o the frsalisd argion
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TABLE 5.10~EXAMPLE CRILLOFF TEST ANALYSS

Example 3.7, Using the foltowing drilloff test daca,
cvaluate the bis weight exponent and Totary speed expo-
ment. The temgth of drilipipe a5 the Time of the test was
10,000 fi. and the drillpipe has & cross-sectionst anes of
3275 5q in. Young's moduius for steel i 30 105
Assurne that the threstioid tit weight s rere.

Solution. The
Eq. 3.210

N 150 Me 100
Avisage  Eiapsed
Bit Weight B Waight  Time A R
L0000 0000108 _fsacondy) fseoonts  tseconds) ity
78 )
2 54 168
”2 s
™ 0 1ea
& 135
“ 8% 1
6a 150
52 % ma
0 218
58 L il wor
5 281
8 96
a2 352 »
b w0 L2
48 a2
* 118 74
“ e
2 92 85
2y &
a8
36 748

2 W
R w095 - 2
B4, &

pencication rute can be evaluated wsing
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Assurz that the threshold bi weight is siero,

Test Now | tronary speod 150

Bt Weight  Elapsed Tioe
L1000 by . {seconds)
T 0
n 3
o8 105
64 160
g 218
36 W
52 382
a8 433
a4 22

it Weight
ALO00 Toay

Elapsed Tinse
| dseands)

TIT M TOURE 5 madulns for steel 13 30 100

EA, &

10,060 ¥
0,98 X0} $:000

05275 ar

I we express R w units of feer per hour and 3 . o]
seuonds, this expression becormes

oo 23,000 s oy ¥4
& 1 howr &

Fhe dritiof? 1est dass have boen evatuated wang ths ox
presxion in Tanle §_10. 1

A plot of pensamtian cae vs, weenige Wit weight can b
comsiicid o o doy papcr from the nesulis of B B
driiofl sew anabysis. This s hoca done in Fg, 535 B
CGraphical evaluation o1 the shkope of the straight-fine povs
Bon of cither o oo Fig. 8,45 yiclds o valwe of 14
Thass. th pherved bir weright expnent is spprosst,
16 for vatues of bt weipht boiow the Boundes %
The sotary spessd exponen <o e exalusied frou
Apacitiy twoen the lines in the parsflet Fepson

For wxmple, a penetoion e of VALY fdiw iy oo
xerved Bae a it weaght of SK.000 1hf s  roracy speod
o 150 sp, Reducing the otary speed w (e
wemslicd i penetrating e of 10,7
wiight. Thus, we Bive

R g™

137 wkersm™
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) e
¥
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Wik
Q. B AR Fdnomgite N LNE AP,

'8
13 .7 130
B -F B
—— T L 100
K ax e comotent of rnporGOnality . amd iy, o te

<} expeient.
[ Dividing shve gt eapaatin by the e cauation gives

§

87 (30 -
w7 §0 ¢

i s Dagarithan wl beah wifcx wed solwing o8 ag
oy

(13110, 7>
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Hog | 90 1060
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aumiber of weerh are boken doring the

T Diamond
bits glsg fail fr togh akageQr losy of diamonds
~=New bith=0

Sedery s TuMihied Mathcmatical models
for computing the effect of ooth wege on FERCITELION fiule

for volling <utter bits. Galle wndt Woods " publishes] the
fotiowing moded in 1963

(o0

REYNOLDS NUMBER FUNCTION (K32)

Fig. §,48-Peneteation cates 56 3 hoction of bit N@%&%@A{%ﬁ 194

acw bit 18 zero. Thus, for the
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fiing the logarithm of both sides and solviag for o,
f e

Togf13.7730.7)
T o1 507100

3 his crample. 3 good straighi-fine it was obtined
e the Hloander reginn amsuming the thresholy bit
wight wan zem. When the threshold bit weight is ot
@, 4 may be pecessary o sudtioct the threshold bit
stight from the bit-weight column bofore plosting tae
i, 1 the thweshold bit woight is sot Keown, @ can in
decomiined by tral anid crtor ax the value that grviss the
srsight-iine 1,

518 Bt Touth Wear

Mou ity e fo drill showet as the B e prugracs
osose of weh wear, Thie mot length of mitled tooth
sz ot b i odued sovissaily by abrasion st
opng. As provivusly discussed in Section 3.3, the
fusth v aliened by handfacing or by

e 0 promwse @ sebfxhaspening ty
fiwever, wiiilo this tends G Xeep the sooth powest, i
e 3 pomgensate toe the sbwied ot length, The
oot Of Sungsten carbule e ivpe witing cutier buts
i oy breabing rather than by abrasion. Often, the entre
pin % low when bioakage ocous, Reductions i
feostrtion rate due 1o bit wear wasally are not as severe
inen bits s tor amiled jonth hit e

ittt

Fig. 5,46Culisuay view of sutorded nazzie dit,
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work, Bourguyne and
fe complos wekonship given by
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seermned baved o the ubxerved docting of pors

Exmmpeiy 3.3 A imisial peneuaton st of
shmerved i sHale af sl hoging a bt
Previota et i et o the
oporaed iy the s vondityin of b

speaid. st domaty . oty Howeyer. w el
Hihe sean obwerved i e same stale (o
Bt putiins tie buy. 41
LB The appmx ety

alie 0

whese it is the Fractional tonth feight thar has beon wom

[Py 40 5 " m oot 3 =
H=bitwear:fraction: =
it type discussed in the pablication, tu s mwre recent
ng " suggented v ximifar bat

£3.24y
Bourgoy e sad Young ayscstest that the cxporant «y be

ation
ith jocth wese ot snevions futs aus snder sbdar

TRl b ami wis
weighi, )ty
e vt of §
M jat
s b was sraied T 6

Solamsesn. U vaiwe ol s for the i bit just hefise
i ond o€ the Y s ax Y e 78 Phe vatue of B fir the

and

12 = Ko "HOTH

S

Dividing the first equsnon by the socomd yiclds

20 g,
i

!

Takyy the aatural lognrthm
fise oy

of bty sides s
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376 Bit Hydeautics
The inteoxtuction of the jet-type msiling cuttes his
: it sgficant improverments i pone
sl be achisvod diromgh s nproved
bit. The unproved jeiting scton b
vieuning of the It foeth ax well as te hot
wvidene hus been prosemsed T that the
maest effctive when using cxienled et

e discharge onds of the s are Brougn
bty of the hote (Fig, $ 465, A comer
wed with exnded-rrie bits 6 paover
soft formations,

AX disussed previonsty in Chag
wdetuble ancinainy a5 w it bet Ry
o e i chanctenizing e eftec of
eneiration e, Bit hydrwlic bweo
force. ated novsie velosy @il are ac
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TRC constants &y through oy can be computed using

poor deifling dita obtained m the sren when detarled
deilting data arc avsilble. The drilling model can be
wxed beah for dritling optimisation calculations and for
the detection of changes i fonnation pare pressue.
The comtants oy theoph oy can be computed axing

poor drilti data olnancd in the arca detailod
bl s (g o (O

<an be
and for
the derection of changes in fommation pore pressure.

i fects af for
wton and Bt Ivpe on pesctration rate.
However, it alvo inclides the effect of drilling vanabics
such ax mind type, solids content, ote.,, which 3% not in-
cluded in the drilling madet. The g

PEnCIlion fale. Jei unpact farce was
hydaufic parameter of wteoest, with a no
of 1.0 for

Typical values for oy range from 1.3 10 0.6,

In pactice. it i pradent te select the bowt
values of ay thiough ay for the formasion typex
dopth inerval of inweren. However, the vake
varies with the strangth of the farvation being 4
The temm £; s expressed in the same unis i p
Bl ¢ el

for £ is usefof when applying a multple regrossion tech-
nique presented by Bourgoyne and Young  for com.
puing the values of @) through ay from povor dntfi
Gzt obisined in the srea, The coelficient 12,303
aftoves the constant a g 10 be defined easily in temw of the
womeson logarithey of an observed peactation mte. The
utsfity of this will be demanstrated in Chag. 6, which in-
<hades @ discussion of the detenmination of farmstion
pore pressuce fom dreilting data,

M{_&M,menﬁw
Tion on i T fuoction £ s 3
depth, R Rincion /2 mosiets 8e effect of vader
compaction expenienced in abmormmally pressured forma-
i Sk i i 1.0 for s

re_gradient afent w90 ibwizal and @
depeh of 10,000 ft.

ype {under nonmal compaction) when apersting
few it W zena averbaslance,, 4 bit worght of
ibffin., & roury spaed of 60 P, and 2 deptin
fr. The duilability of the varous tomations can be

faned using dnifing dans obaned from previous.
the arca,

Example 5.10. A 9.875+in. milled woth bit opérsed
30,000 thivin, wad $0 s i chribting i a shale

ot a depth of 12,000 2 a1 s peseiestion rate o
The formation pare prossare gradient is cquiv:
12,0 ibmigat wad, and the cquivalen mud i
Bottom is 12.5 fvov/sal. The compuied et impsct
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[T DIITOIC Sradwem caarvatont 9 9.01 tbmyzal and 4
depih of 10.000 .
Z .

e .
petetration e, This function hus a vajue of .0 for poro
overbalange--i ¢ he i erh m
equal 1w the nmm,»b.xz -

s fugun bomitiodo amtiiiochil shhe o los o bis iciot

ooth wear s 0.3 Compute the apgarent
TRy 7, wsing 3 threshold bit wergt of ze

and rotary speed on penetration e, Note that S basa
vatue of £ when (Wi, 5 hs i vatoe of 4,000 1ofin, of
hit ciameter and fo, s @ value of 1.0 for a rotary speed
OF 6 spin, This was chosens 50 that the fo fy product

can be neglocted in ateas soch o the U.S. pulf coant
whe t ane relatively soft, In mows compe
1eat A thresdiols b weight can de
Cusaiil from drllof tests @aninated at very low fut
woights. The fumcvion of fy has s upper it
concsponding w the but Bouder pont, which st be
e stablished from drfloff tess. The constants ue and wq,
it can be derormivest from drboff jests as in Example
il p dalinacak s Ak

G b ol iy ziues Son 4 o ) 0

s L abe ot Rt o
proncisation raie. The valie of a4 can be oxtustod tros
priration e measuraments ahen mosimlse fomua.
rssas: g aamnbinr bt opetiteng conditaeny at the begraning
o ol of 1 but s 35 st s pervsonsly s Exampls: 3.5
he twom /2 haw g vitue of § 0 for som toth weir. When
IRNER CAtDWIE it i arc el and operated al
proderate bt woights and aoaey speed, wth wes
piien msignificunt amd this reom cun be segloctn
ki b sl e silie d inh s sucee G ) 3

wu T ¥ & y Bas. 5.2% theough 5,280, The multiplics f: .
oS LODT WL, -AICETORRLYr, S 228 s 5250 T i

oA AR LD TR
12.0 thwgal mnd, and the cquivalent mad e
taoten is 123 evgal, The computed jet impact
beneath the bit s 1,200 1, and the computzs! ¢

7
following values of iy through ay.

a3 @y iy as sy
0.00007 0. S .00 10 05 45
Salutians. The funcrivsl relanons £ thzh fy

froms a refierence septy of 10000 £
L% 0 2y
Ji=e

o S a0 2 o0A

Q724

The amitiplier f; avounts for e increase i pcis
e dun 30 BaderCompicton

L% B ey

fy=e

Mt I3 00 )y =

g RO

The sovaltighicr £y accomms for e change

e with otk wxsamian & elen
o zeno,

fa=

LMok, g
«

T O LA 55 12
-y e 2.1 N oician

The funcrion fo models the offect of overbalance an  hencath the bit is 1,200 1bf. and the computed i

ign care . Thiy fiergt jogivg of 1.8 forzer  tooth wear s 03 L%
f ::1: ST ARRA TN e b

Example 5.10. A 9.875-in. milled tooth bit opcrateq at
40.000 Ibf/in. and 80 rpm is drilling in a shale formation
at a depth of 12,000 ft at a penetration rate of 15 ft/hr.
The formation pore pressure gradient is equivalent to a

R=(fY R ) Ua)n )y v ovnenenees (5.28a)

F1 formatipn.drillability factor
F2 compgagtion depth factor

2 M,
fi=e “K

2300 4 10 0600 D)
e

o ‘ 12.0 Ibm/gal mud. and the equivalent muq density on
et Bcompatcg’pn bottom is 12.5 Ibm/gal. The computed jet impact force
peemmeeno . B4 overhglane beneath the bit is 1,200 Ibf. and the computed fractional

tooth wear is 0.3. Compute the apparent formation
drillability f, using a threshold bit weight of zero and the
following values of a through ag.

'F5 bit wtefactor, W=klb/in

(=]

5

f6 N=rotary speed e a3 ag a5 a4y ay
0.5 0.5

0.00007 0.000005 0.00003 1.0

Solution. The functional relations f, through [y are given
by Egs. 5.28a through 5.28h. The multiplier f> accounts

N referéfite =60rpm
p= " F7 bit wearfaetor

fer( i‘fiﬁ)ﬁi=iet impact, Fj'teference=1000 Ibf

The multiplier /s accounts for the change 1 penctration
with bit weight assurmng a reference bit weight of 4,000
Ihtim.

Sobation, The functionad relations /> though [ are gwen
by Eys. 5. 2% through 5.28h. The muitipher f; accounty
for the normal decrease i penetration rate with depth

from & reference depth of 10.000 fi
2 W 10000 - Dy Reference Depth = 10000ft.
fame ' jia

LRSI DOy §6, 000 - 12 8003 0724
e =4). 72
D=depth = 12000ft.
The maltiptice 3 accounts for the increase M pe 1o
rate due 10 undereompaction

s w e, w |8, = pore= pressure, ppg =12ppg| B

Threashold qnsiuulu0

W=wt. on bit klb/in=40 klb/in.

= 1013

P60

[
(T

[y =¢

PR TETE T ILPERST
e

P
The multiphicr f, axvounts for the chunge n penetration
te with rotary spead assunting @ reference sotary speed

2

=1.023,

tphier £; accounts for the change in penetrstion of 6 rpm _ -
Tmhz with erbatance ing u reference averbal - " N = Rotary speed=80 rpm
of 2o g, = pore - pressure . ppg =12 pp8 A -=(;’i)"*u(§) w1155 N reference=60 rpm
) (]

3 Mk D2, ~ )

\p, = mud - densiry =123 ppg
4=

-2 QTN 2 000% 1 0- 12 9
Men\mn!ﬂ =0.6606,




The mudtipleer /5 acoouns Jor the change i penettston
ke with jooth dulisess wvng zero fonth west a4

reference.

al B W
Frwe we 00 361

F7 bit wear factor,h=0.3
New bit h=0

The rsultipher fy accounts for the change 1 peoctiabion
sale with jet hpact Kce usng an impact fone of §00G

It s u meferoae

¥
h{1i

Fj=jet impact=12001bf]
, F reference=1000 Ibf

Subsitstion of the contputed values o f3 W fy mto Fy
S 28 amd solviag tor the formation drifiabddy yweids

Romfy-fs-fr- =ty
18 = £, T2 G210 6606 | 013

o1 IS0 Shixt (N8,

e

-
g /s accounts for the change
weight assuming 4 reference bit waight of 4.000

w w
-l
4~ ;: 3

4
h/.mmkwmmminpﬂmmio«
xﬁ assuming a reference rotaty spoed

(=) ]

) -(g)" =155,

plies £ accounts for the change in penetration

RO

o™ we M 0,561,

— ]

in penetration  count. If we define a compasite drilling variable /, using
I R R R R O ol
Eq. 5.28 can be expressed by

ao ~uyh
R=— =tify = dye L

ld qmﬁu»ﬁuﬂm in this equation yields

s

an = Ji e

The evaluation of this integml requires a relation be-
tween time 7 and tooth wear i Recall that Eqs, 5.10 and
5.1 give

ference60rpm o - sruosmmm

Substituting this expression into Eq, 5.30. we obtain

gt

4D = Jylyrye e Hyhydh,

Finally, integration of this equation leads 10 the follow-
ing expression of bit footage in erms of the final wwoth
wear observed.

=3
AD=4, .Iy,.[m

w ' ¥y n s vrn o 45.300

coe (832
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TABLE 5.7~ COMPAMISON OF EQUATIONS FOR MODELING
THE EFFECT OF TOOTH MEIGNT ON TOOTH WEAR RATE

wmpesaures. The flow velocities must also he maatam-
o high chough 0 revent cloggimg of el passages
with rock cummngs, The desagn of the fhaid distbution.
passages i 4 diaowned o PCD demg bis ix extaemely im-
portant umd varies cansidersbly amuny the <anos bitn
available. However the mascfacius will pencrally
apecify the sl flow ascy (TFA of the flusd dismbution
sy for each bit. I widitson. the bit manulacturcr wil

the o prsemt o <leas and o ool the cuttes. the cf
foct of hydnsuiics on culter wear Taie can be ignond.

5.4.5 Tooth Wear Equation
A compoiie ol wear suation can be oMined by
rela of toodh

govemetry, bt and soary soeed om the e of

TABLE 3.8--RECOMMENOED TOOTH-WEAR
PARAMETENS FOR ROLLING-CUTTER BITS

L

The ootk wear we lomwia given by Fu. 3,10 has
beca nomnsliced o 1t the seaniveness QA £y 15
pumerally skl @ e Yime 11t howns equined 1 cons
pletely dull the bt teeth of the given bit type when
opecuted 2t & corsam b weight of <0 1bEn and 3
consians rokary speed of 66 e The sverage fosn
shrewesscws encoutesed dunng 4 b me cun be
evatuated Gving Eg. 5 10 s she fimal ool wear 1,
obeeved altce pailing the bet. 1f we define 3 tooth wrar
parameee J wiing

]
B 510 can be exprevsed by

T amaas ey
he flow (s present 1 ciran amd w cool the cutten, the of-
Sewt of edpaulics i cutter wear fate Gan be grored.

$A4.5 Tooth Wese Equation

A coposite woth wear cquaton can be obtaiesd
combuntng the TELANORS SpprRAETAERE th effect of st
sometry. it weight, and rocary speed on the iz of
* Thus, the invisacancons mte of footh weal

00t Witar

N o oy spod, wyon, and

Py JORMAIOD AbeASIEERCSS oA, Sour
The mack bt chasilication whome sheown 16 Tabic .3
can Be w3ed W eRaractin e the many M types avariable
fawm the four maor it menufaiunig compamcs
Wecomenended valven of My, Mo, amd WAdy) . are
Sty 19 Tabie § & for the saneos olling cotier awk bt
EENY

w ™ Y
i ol
L (-/» ).' ]
i$an

Eq 8 1 can he expresied by

" o~

\ dewdyrad 11 Mo hidh (5,128
Tetegranion of s equation yickds

remdyraihg o ki 15.13%

Solving for the abrasivencss comsiam 7y gves

’n
PO -
v ey s

Altheugh Eqs. 5. 10 themgh 518 were developed for
e i mwsdeling the s of oth height of 5 mlied tosn
T they Bave ais boen applicd with somw degove of s
s ko deseribie the kv ol imce toeth by breakage. In.
et it e W jower mumy specis
than mudied-100th bt te nalace npent lowbing on the
brutle Tunguien catbide imcrs. In hunl fomatons,
Mm*matu‘owmvwﬂlym

Keample 5.5 An 3.5-mn. Class 1-3-1 but dnlied from 3
depth of .79 10 $.408 i 10 Shours The average bt

weight and orary speed used for the bt run was 45,000
It and 9 rpm. respectively. When the bt was pulled. it
was graded [-5. B4, G-1. Compute the average foams:
tion abrasiveness for this depeh imterval. Also estimate
the time reyuined (o dull the tecth completely axing the
same bit weight amd motary speed.

Sohumon. Using Table 5.8 we obisin #, = | 88, H, =
&, and (Widyy, = RO Using Ey. § 11 we obean

o458 5
e )

!
P —
14672

Solvmng Eq. § 13 for the sbrasiveness comint usig 4
final fractional 1oueh dulingss of % or 0.625¢ 7~ $) gives

19.5 s
04800 625 + 6i01.625) 772}

T

“ T30 hours

The time sequined 1o dull the teeth complerely (&7« 1
cam be obeained from Ey. 8,120

25008731 1 6017 -'z;rz.\ 4 hours,

TABLE 5.9 RECOMMENDED BEARING WEAR
EXPOMENT FOR ROLLING-CUTTER MTS

Y
ra
16
2
8
20
Sestac 85
Taiior Seanngy
Seao0 - 5w
st Daarngs

Lammus ' s dicated this 100 high 3 et velocity can
be detnmentad 1o beanng fife. Eroson of bis metal can
occur. which teads o Galure of the Ivaring grease seals
In the example discassed by Lummas, this phenomenon
was unposant (o0 bit hydrasle honcpawer values sbove
4.5 hpisag in. of hobe botom. However, 2 genesal made!
fr predicting the effect of hydrulics on brariug wear
was not presented
A beanag weat formuls®S frequently used & cstimate
bearing life is given by

514

b fractumal hearing fife that has heen

5.5 Factors Affecting Bearing Wear
The prediction of bearing wear w anch more difficolt
than the prediction of tooth wear. Like woth s, the
"nstantancons rate of bearing wear depeads on the cur-
rent condition of the bt Afler the beanng surfices
hocome . the rate of beanng wear increascs
greatly, However, since he beating sutfaces cannot he
cxamined seadily dunng the dull ba cvaluation. a fincar
rate Of beanag weur usually is assumed. Alw. beanng
s fuciorens have frnd thas for a given applicd force.
the hearing fife cn be exproseed in terms of 1otal revil-
tions a3 long as the rotary spesd o kew coought to prevent
an exeessive wnpemiure itorcase Thus. bt beanag life
osually 15 assumd 1 vary lincarly with mtary spead.
The three main types of heasing assembiios used in
rolling cutier bus are (1) nomseald toller. (25 sealed
coller, amt (N sealed jouemid. The price of the bt is
Towest far the nomscaied reller and highest tor the sealed
vl

yourmal.
The effest of bit weight on bearmg life depends o the
e and type of bearings wsed and whether or mon the
bearings ars scaled. When the bearings ane mx
anng tabrication in sccomplished with the dnllmg
flusd, and the mud properties 2iso affect beating lile
The hydraulic action of the dritling Mud at the i s
atso thought o have some cffxt on beaning Bile, As flow
ate s reases, the ababity uf the uad 1o cool the beanngs
also increases. However, it 1 gemerally behoved that
fow rutes sufficient w 1ift cuttings will siso be sufficient
10 prevent excessive femperatare buskiup i the hearings,

b= [ractiomal bearing bife that has been
conwmed,

= e, hours,

N = rotary speed. pan,

W bit woight. |00 i,

Ay = it diameter. mches,
#,.8: = beanag wear expoments, und

rg = heanng constant. hours
Recommended values of the beanng wear exponent are
given i Table 5.9, Note thar the beanng wear foanata
pvenr by By 5,14 i pomadized ao that the bearing con-
sant, 7. is numerically eaal w the fife OF heanngs if
he tat i opensicd at 4.4300 b in. and &) m. The bear-
g constant can be evaluated using Ey. 3.14 und the
resabis of 2 dull bu evabaation. I we define 2 branag
wear purameter Jy uwing

b, 5.
,H(%) (:.;':.) 1519

Ey. 5.18 can be cxpressad by
s »
Vdesdyeal o,
where by s the final heaning wear observed after pulling

the bit. Imtcgration of this equation yiclds

ty=dyTaby . - RSN 1
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ipher fy wccounts for the change in penciration
jet impact force using wn impact force of 1.060
wference.

A/ "x('_'z‘ﬁ)“"..l.ws.
e 1.000

of the compared values of £ to fx i g
 sobving Sor the foreation drillabitiny yields

- (R O IR
5 £,{0.724)( 102066063 1013y

LISHI0.36101) 085,

300, detaited drilling data ware available
o peint in sime. This roquises the use of 4
weil monisoring and data seconding sysicm. In
it of this guality a0 sof available and

driflaintiny for ws ciire bit tum must be enay
For bts that show 3 significant tooth wear over
of the bie. the change in the touth wear function
iise pver the fifie of the bit must be taken int ac-

= oy,
JHaii-e N e

af

Thix equatian can be used 10 dewrmine the footage cor
responding 10 3 given final tooth wear fi, and camposite
duiling parametes /. Conversely, it also can be used o
compule an apparcal of iverge value of /; for an
observisd footage D and final toath wear /iy The for~
mation doilability then can be comguited fom J, using
Eq. 5.29.

A‘lﬂ some cases, it is desimble to compute the footage
dniled afier @ given time interval 7y, of bit operation, To
use Exp. 5.31 for this purpose, it is mecessary 1 know the
woth dullncss 4t the deiting time of inteeest. Rocall that
The time required 1 obtain a given Wath weat ix e by

’]‘ L(5.31h)

K. 5.12b. Expressing hix cquation in teons of fiy, we

ubtan
! H. vy
K
Saiving this guaritatic for iy gives

}',r‘ (S yryg My oty =

Esample 5.11. Compnte the average famation drillabili
ty for the biv run described 0 Example 1 Assume the

The multipliers f; through fo and £y can be o
ing Eqs. 5.28¢ through 5.3‘; wf,i. 28i.

£ m o HON0000-0)

e 2 192
2 WBO.0XDTXI0000~ 82921 4y | 3.

2300, D%, -
£yom PR L) 6 tory, w95
Jo P OI00,0,)

@ 23030 000K IRHI N9 0 75

7

G- P

-
3 w
Fig. 5.52--Nead for bit stabitizars, <I)l
average jet impact forcs was 1.000 Ibf, the formation i
drilfed was shale with 4 normal formation pressure gra- -G T“mu
dien {equivalent 1o 8 9.0 Ibovgal fhuid), and the i =

<quivalent circulating donsity was 9.5 ibmigal. Also, use
r‘l:e:u;mu?]ismwmma, through uy

Example $.10. I (i)"a(ﬁ)“’ﬂns.
Solurion. Recall from Example 5.3 that Hy hait 3 value = 0
of 6, 3 had a value of 0.080, and 7, had a value of 73.0
houes, Also, the bit driltad from 3 deors of 8170 4 J—

yields
i,

i~

Ale,l;f,,[

it <oy,
= "Jli:,_.';"."’f_..mf_l]
af $

anck
RA08 -5, 179) = J, (008130

R

a5
61 -p BEAEI L 50,6255 050 8025)
@5’ &

Hving this cquation for /; givis

Ay w158 itk

[he mean depate of the tut un is

s B0 eR404

b bttty Y, 11 |
2

- AL g N A TS
2,404 ft in 10.5 bours and was graded as T-§ ey mi%w
0.625). The constant &y given in Exampte 3.0 had a
valve of 0.5. Substitution of these dats into By, 5.31

fiw (;-%(ix)) 1.0 foe £ 1,000

Substituting these valucs of fy i 2
b= S through g and £ s

Nomfofoods S s fohhe
258 = Fi00.32000.000.758301 320122801 i

Solving this cqumion for the fomation deilli:
obtinfy = 16.1 fuhr.

5.8 Bit Operation
In addition o selecting the best bit for the yuiy,
g engneer must soo that the bis selecrod ix é
clll;mt'mly ax possiible. Tiess of primary conces ik
1) selection of bettomhale asserbly. (2) prevestio
aocidenss! bit damage. (1) selection of bit Wit
rotary speed, and (4) Int cun termination. S
Proper attantion 1o af) of these Hews s e oyl
approach a minimancon dalhag speriicn.

5.8.1 Bottormhole Assembly

The battombale assenbly woed sbove the bicy
significant effest on bis perfoamance. The leny
eotlars wsed shoulit be adequate 10 prevest (e
mest of bending moments i el 1pipe 1on ¥
it weight used. This can be accomplishe:
of Eg. 3.2 as described i Chap. 2. Abso,
should be used abave the bit in the string of
@ prevent bending of the lower portion of
fars. A severe wobbling bit dcsion resuit

& E-
if the drill collars above the bic are ot held in 3
e position 10 the barehole (Pig. 3.52). This can
Ll scvere shock Jouding on teeth, beanings. and
e seals of rolling cutter bits, (2) shock loading on
oot or PCD cutters and uneven fluid disribution

damond bits, (3) a below-gauge borehole @ 404 7145 L ¥
;. and (4) 4 crooked borehole. £ 9519 5004 4384 556 I23I6 4265
0 8577 S4Bt 4077 3408 ED 4876

W e ey o e e ey, [ BN BX NE e B en

ek absorbing devices catled shock sbs alsa 140 7907 5228 A120 737 4036 701
ot above the bit (o dampen the shock foads for- wo 3008 5368

¢ | 29
itianal . i ted wione 8 B197 5554 4508 4237 4885 10211
| Dhe ahlitional cost of shack subs is justified e M2 5783 4748 4802 3> 1149

TABLE $.11—EXAMPLE COST-PER-FOOT TABLE™

potentiat of extremely long bit nns if the grease
B wd heaning stirfaces are oot damaged.

pex foar for the bit rum in yuestion and on subseguent bit
s, (2) the effect of the sclected operating conditions
an crooked bole problems, (3) the maximum desired
penetration rate foc the flud circulating mstes and mud
processing rates avalabie and for efficient kick detec.
tion, amd (4) equipment Trowations on the available bt
weight and rotary speed,

In many instances, & wide mange of bit weights and
retary speeds can be sclected without creating crooked
hole problems or exceeding cquipment Gimitations. Also.
penetration rates thit can be achicved are usually less
than the maximam desicable penctration ore in the
deeper portions of the well. Under these conditions. the
dntling engincer s irge to select the bit weight and rolary
speed thar will result in the minimum cose per foot.

Several published methods for computing the optimum

Prevention of Accidental Bit Damage
it thimage before placing the bit in service at
m af the hole can reduce the life of the bit great:
Bt should be tightcned in the drillstang 1o the
ed Wonpe using a special breaker plate
for the bit type i use. Care als should be
oo sc that the jet nozzles wre instalied properly us-
bes dnid (0 minimize fuid crosien of the anzzie

54 is especially susceptible to damage during the
operations. The presence of tight spots observed
the previons it out of the hole should be
widing so that slowsr fipe velocities can be
tese povts when aunning the new Bit to bostony,
may b sspeciully poticoabiz Wi oA

. ey T
jized botwrmhole assembly afier a bit that was
0 have significant gange wear, When reaming
mary, fow it weights should be wsed. The bi
ame not designed for the inward diust present
i iy operasions. | is abwo possibie 0 catch 3
b o1 an irregular ledge in the borehale wall while
back o boitom. Plastic bit guides can be in-
cath the it 1 minimize the risk of this type of

new bit eeaches borsm, it should be *“broken
wseng 2 fow bit weight and mtary speed for

b increased slowly o the desited values. Alsa,
is Wponant W exdablish dridling fluid cireula-

resuening drilling operations. Heal huildup
Wy damisge the ba whien fuid cleculition sops.
il operations.

ction of Bit Weight and Rotary Speed

din the provipus sections. the wiight agpiicd
s tve rotationst spead of the drdistaing havie s
s beth the peoaration e #nd the il of
wldinion, these pastriees can be vatied s
the derermination of thee best it waight and
6 for & givers bat run is o of the foutiac prob
d by the drilling coginect. th solecting the bit
rorary speed o be wied in drifiiag a given for
osmvidecsion mus Be given o these items: 1)
of e seteeient operaUsg conlitions on t cost

bit-weight/iotary-spend  combnations  for  achicving
minimum drilling costs are avaitable. 17 All of these
methads requine the use of mathematical models
define the effoct of bit weight and miary speed on
penctration rate and bit wear. Methods are available for
computing both the best vaziable bit-weight/rotary -specd
schedufe snd the best constam bit weight and mgary
speed for the catire bt un. Galle and Wonds*! have
teported that the simpler constant weighi/speed methods
cesult in only slightly higher costs per foot fhan i
methods allowing the bit weights and mxary speeds
vary as the bit dulls or encoumiens different formation
chassctenstics. Reed™? indicated a diffeamce of less
than 3% in cost per fuot between the vanabie and con:
stant sweightispesd schedules for the cases studied.

One ansightforvard fechnigue that can be vsed
drtermrine the best constant weighe/speed schexdule i 4o
genetate a costoper-foct table. The cost per foot fiw
various assumed bit weights and meary spaeds can be
computed using the penctration raee and bit wias models
aned thoe resuits whslated as shown in Tuble 511 The
vest combination of it weright and cotary speed. the bt
it weigh foe a given rorary speed. of the best ritry
speed for @ given desieed it weight then s e esd
frvsen the mable. The wse of (e best bit weight fr i given
wtary speed may be desirdle when the fotary aneed
setection 1 honed by the rofary POWET RN S
systrmm, The hest rotary speed for a given bit waighy way
e esizable when the bt weight ix frited bocawse of
Hole deviaton problems.

Various stgorithms can be used o cvalvate the costs
perfent vatde. When dosited, 4 foot-by. oot analyiin of
thi b5 ro Can be made taking iolo oot fomatcs of

different drilfabilities that may be Juring the
bit run. However, when the usc of 3 single average fae
mation drillubility is possible. the integrated forms of the
peneintion rate and tooth wear models can be wsed. This
greatly reduces the number of caleuiation steps involveu.
For example. if the Bourgoyne-Young penctration rie
and bit wiear models are used, the lollowing provedurc
could be used.

1. Assume a bit weight and rotary speed. Substituti 3 7

2. Compute the -im‘mﬂim) 10 wesr oit the bit teeth  yieige e
using Egs. 511 aod 5.12.

3. Compute the time requsted 10 wear out tiie bearings
using Eqs. 5.15 and 5.16.

4. Using the smaller of the two computed times, com-
pute the footage that wiuld be drilled using Eqs. 529
and 5.3,

5. Compute the cost per foot using Eq. 1.16

- oamfa- ) ()™

.
For (WAf} = 4apd ¥ = 60, 2, haea vabue of 0295
ing a final tooth duliness of 1.0, Eq. 5,125 gres

o J;y,,[: PO 2wy gl

X W\ 60 18
1 =405 TH0.255(2 - ) (—

(- 2y (%)™

The procedure will give the cost per foot associated
with complere bit wear. For 3 fow cases where penetes-
ton e decrewses mpily with woth dubiness, the
minimum cost per fool cun ocour defore complete bit
wear. This situation can he derenmned by repeating
Steps 4 and 3 using a drilling time slightly loss than the
int ifee, 1F this results in 3 Jower ceaat per foot, sussessives
iy lower dothing timies should be assumed until the op-
rimuen drilfing tme s detenmined.

Example 312 A Class 1-3 tit will be used 10 dnit  for-
mation 3t 1,000 Rt having a drilabality of 20 fithe The

abrasivaness constam ¢ g bos a value of 15.7 e, the
g constamt 7y has 2 vabue of 22 hours. and the
beating cxponents o i sl

For (Widy) = 4 and N = 60, dwe time roquined o nad
weonh dullness of 1.0 predicied by dvis cquanos i
Tawrs. 3

The bearing life can be cimputed using Eg. 5.1
3.16.

= (G
12w Jyrgihy= 22000

()

For (Widyy = 4 and N = B, the tume srauised 1o
pletely weat the bearings presficted by this cgusive




abrasivenens constant 7, has a vaiue of 15,7 hours, mﬂ
besing consta vy has 3 value of 22 hown, and the
bearing expoems &, and By are equad 1o 10 The for

o0 pore  pressure  gradicst s equivalent o 4
9.0hbmigal fuid, and the mwd density i 10.0 ibm/gal.
The Bit costs S400. the operating comt of she dritling
operation is S500Me, the timse srquired 1o trip for 4 sew
[Dit 18 6.5 houns, and 3 timutes ane requied tn ke
Joonnection. Using 4 thresheld (W4, 5, of Q.5 and the
[vaiucs of wy thrmgh oy 35 givea. compuic the comt per
{0t that would be observest for (Wil ) = 4.0 N = 60
o, and 2 jet impact force of 500 i

oy L @a i
JIXX!)!“ U(XXXKLS Doomn? 2

Poheinn. Using Tanke 5.8 for o Class 11w, we obtanm
w LB o Goand (Waly by, = B0, The yvalue of
 function of bit wright and oGy spect 15 given
ER1

de w

g W

v {.’_'__:SE? e

Subsntition of those values it By, $.29 gieas

For (11dy ) « 4 and ¥ = G4, the rime requines m s
lerely wear the dearings predicted by this cguation s 3
howrs, Evaluation of the multiphiess /) 10 f; s £ 4
the fotlowing,
f1=200.

fr= 2305, (10,000 D)
ywe

2 O ORI G000) n
=183
5 y(:ao\..n“'(,, By
w100 for g, »90.0
20,88, )
e

AR T ORI < 5K

=41.76,

fae (T&xi) "

X
i) 569

Josfe ha Sy fa B fe S
SCZOH 1 BN L OO Thifs - futlh 959

=M.l fy

4 3]
04283 st soite.

8 s prodictod coxt per foot that comespotds te
be e it run just e Fore bit faiiuge and is usuaily the
a5 vost pr food for the bit weight and rotary
aned. However, (0 e that s s ime, the
oot coresponding to a stightly shoser bt life
e chankisl. For example, if thw bit was publed
815 houns, the Tinal tooth duliness. as oompuied
B .32, is given by

&
=T
6

o f6ct we OuRBD

didry

4w Moy dh

o
{laetizman

Taking (BC, APV = O and solving sickds

vactsrg e Rtyisdh @0 6. 1%
Taking (30 208N @ O and wiviag siclis
H,
wa, J {4 i EURPRERS
- g
i3 5 Yim

4/28/2015

#dy) = 4 and N = 60, both the weight funttion
3 Mfummn/. have a value of 1.0; thus, J

iy B
Haft=e " —agne iy }
. af P
e it tecth will tmal first, the final woih duliness  fife,
tiown 10 be 1.0, When the bearings fail first, it is
10 compute fiy for the knawa vaive of ¢, vsing
2 Solving the above equativ for 30, we obtain

R tmllo(l hefore tooth finlure ot 15,7 hours s The cost per foat after 15 hours of drilling time is given
by
a0k, A0+ 30015 #0.4+6.5)
f-e A €y e sadihinid

Nose that this cont per fout s slightly greater than the

~0.K0.9745¢ 0% 99] f0.952) = 238 6.

=$47.69/f

per foat carresponding o the maximum possible bit

for the best

can

w appoximately & jonts of

6 5 3 minutex per connection. The torl connes-
L

By=0.4 hnurs.

constant bit weigin and rotary speed were derived by
Baurgayne and Young™ for the case in which footh
080,900 y wiear fimits bit fife, Eg. 1.

e

Subscruting Bq. $.13a for 7, and Eq,
this cost-per-fpot formula yiekds

y simple anafytical

16, the cost-per-foot equanon,
be rearranged  give
ST
apic,

5.3 for AD in

g

[ Sowing these two equations sinuiancously for (Wil }
gives the foilowing cxpression for aptimum bit weight,

@, 2D,

a,n. +ay
I e optinawen bit wgm prrd«:(n-‘ by s mwlmn i
greater thaa the floundsy bit weight, ten the Bounder bt
weight must be used for the optmum, The optimum bt
fife 1s obtained by solving cither Eq, 5.33a or £q. 5.33
for m.. {01 v Hhydn,

™ »(Z e:,bz,)(;-q)_

The opfiour otary spced N is obtained using the
Enown value of 13 in B, 3. 125 s solving for /s N,
vhen can be obtained frons J» using hq 5.1, This leads
1 the following expression for Nyp,

(5.338%

Mg 60

15.35)

Unfonunately, for the case where bit tile s limited sy
bearing wear of penetration mte, such simple expres-
sions for the optimurn sonditons Mo st

Assurming a total trip time snd coanection fime of .
7 hours, we abtain

,..(__.4.;)(:)’; 1) =16:1 houes.

The uptinmm satary speed can be calculated
5.36.

= w W il
e Gl @)

1y w
Gl
e
o

uptHaNe weight iy i
fovsder point, the use ol B2 for ay s jusified
computnd optimuem bt weight is above the B
point, the weight a1 which flosmering oceurs
wsed for the aptimum bit weight

Ny 0

complished using a digitl somputer.

Unfortummely. for the cuse where bit tife is limited By
beuving wear o penctration rake, such simple eapres-
sions for the opeimurm conditions have aut been found
and the construction of & cost-per-foot table is the best
appmich. This type of caleulation i mos easily ac

nq»ex should ot be appliod withot enz:mnm;
Vs on location. In many imsaces, the ase
made in mc hcmng weat, wooth wese, amd peses

putcd and ohserved esulls 1 aceeprabls T

abave 6,700 bfiin & 6

w

W autty (=) ’"»{“‘3

a;ll, Sl

{MERAHE0 v0.600.5)

0.4
T W Srad

dhancier The
538

L

cton) (2

i

Eveanpie § 13 Compure the optinu bis weight aid
moRAry speed for the Bt min described in Sxample 3,12
Bit r’mxmrug wa absetved 10 ocour for Bt weighn

Sutmsecss e ptosmons bt weiipht s comsputed ssing Ko
R

T ihe optasam bt weight i 6,400 s of bit
aptsae it e b compited asing By, $ 4

consiatly an evad the pesfens

of gl ity i the vatous areas of ditling qu 2
wan fumnish guidelines for the driller whes engin
supervision is mi availobic. For cxampl, the wei

one b wrauliclurer or jonmmsl-bearing. incn s
olfing-cutiey bits 5 thows m Talde 512 €
surdehines, the drifler can experimont g &
sagment snd dull bis cvaluatim

Exercises
S1 Lask e two mats types of NS in ai today. A
Fist twas sasbbasaifivations of cach basic bit e &
dincus the comdisicns convidenod ideat fi e g
phicarion of cach st on siven
5.2 Dibwuns bow svssy v, oth Iwnzhl ot s
of tooth Gty detwoun softe s b
wfing e bt
S5 Lt five basaw inochuaness 0F rock seeval i
ctaployad ot doxgn of bits
Discuns e priay mechamsn of sock o
wed in the dosign of deag Bt
5.5 Discuss the prswry mechantm of rock s
used w th design of hand. Soomstian R
s
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