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Grade Policy

> Quizzes: 20%
» Midterm Exam: 30%

> Final Exam: 50% |
» Presence: Extra Marks
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> Rigs and equipment

» Drillstring design
» Hydraulics

> Bits

» Casings

» Effects of
parameters on rate
of penetration (ROP) BESE

» Economics
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» The world needs
energy

I

v = Inworld: almost 62%

=
Why Study Drilling Engineering? I
"
L

of energy comes
from oil and gas
resources

Y = InIran: almost 80% B
of energy comes

resources

*Drilling Engineering-l  Ahwaz Facul oleum Engineering Khalil

Why Study Drilling Engineering? (Cont’d)

/| »0il demand is increasing l
due to increasing of
population (many
products are made from
oil)

» Existing reservoirs are
depleting (their
pressures and therefore
their ﬁroductions are )
decreasing with time) [ SIS e
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vhnat is the

difference
between oilfield,
reservoir, and well
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An Oil Supply Forecast for 2020

J > Existing wells: 10%
v > Development of existing oilfields (drilling new
wells in the current reservoirs): 42%
= One of the duties of National Iranian South Oilfield
Company
» Enhanced oil recovery (EOR): 21%
» Non-conventional oil (heavy oil and bitumen): 7%

» New discoveries: 20%
» The duty of Iranian Exploration Company

9/21/2013
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To Drill a Well, Parties Involved
‘POTLDII Company(or orm{lt owns the

!and) Lo

= In world: Exxon mobile, Shell, Conocophilips, Total, Statoil, Bntlsh
Petroleum (BP), Aramco
= In Iran: National Iranian Oil Company (NIOC) on behalf of Islamic

Republic of Iran O Ce DLUﬁ

{lt has the rig and personnel to drill the land)

= |n world: Akita Drilling, Beaver, Chinook, Ensign [almost 60
companies in Canada)

L gl

d%;%dﬁ L:-"L1
f_‘}-»]d‘l;&/u-') U

= In lran: National Iranian Drilling Company (NIDC
Company v and more than 10 private companies

, North Drilling
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' “Parti olved
To Drill a Well, Parties InV
»3|[Service Company [it has the expertise to do some
. 3 J H X - -
technical jobs such as Fgmentmg, Ioggﬂ_g, it}
-F;forld: Halliburton, schlumberger, Baker Hughes,

Weatherford, BJ | -
= |n Iranf\Nationa! Iranian Drillin Compan\,r__J[N!DC} )'s Nﬂ'ih

e

“Drilling Companyand more than 10 private companies .
e e, ) 2
@= NIDC should be known for its expertise as a service
company thanasa drilling company
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Service Company Activities
JJ Drilling flulds )
¥ ¥{ Cementing
J > Formation evaluations

J 3 | Directional driling !w‘mdow opening and mud motors)
J
1 >(Coning )
¥\ Coring
J» Wellhead and well completion
I>
4y
¥ Undrbalanced drilling and air drilling
» (Wel testing ) .

J >(:we|1 logging and perforatio ]
> Wireline services

J ¥ | Well stimulation facidizing and hydraulic fracturing)
| »
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Types of Wells (Based on Production)
) M{Wildcat wells: to discover @ NEW petroleum ] r_
(IYL.L,«{L‘{' & al._f

reservoir KsE AT N2 (5 (_yf G

L ., o
-LGeoIDglsts|recommend the location .— w)d>¢.¢d~ C. U;'JLUIU L
@) »[Delineation [appra:sal] weEIs after exploration
to determine the size of the oil or gas fie field (top
and bottom depths, s, thickness, < dimensions,
porosity, saturations, pressures, . s 8 gior
gasin place is determined.
‘“)’Deve lopment weilsﬂto produce more oil anc and
gas from a known res reservoir

|
|
|
1
|
1
]
]
]
1 « Reservoir engineers recommend the location
]
1
1
1
1
1
1
1
1
1
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Types of wells (based on reservoir life)

The life of an oil or gas field can be sub-divided
into the following phases:

b~
\/=_Exploration ,

=

D) o Appraisal

t) = Development ¢ { -
e, : B e ] 'hl_,

Vs Maintenance_J-kw-a\’\anV) /U{Z'tr"'" U"J:’J - p
(&) = Abandonment ¢ S B ‘“!-? ———

o —
= Other wells such as{Injection wells, Dbsgr}fa_@nilr
wellsimay not exist in a specific oil or gas field
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®Types of Drilling Contracts (Bid Basis) /
'f‘i-l‘ Cost per foot of the hole drilled S

® |t is good ifig_ha\.?e previous experience in the
‘aiea

= Authority (all decisions) iswor

>3 cost per day

* |t is good for areas where costs cannot be
estimated

» Authority (all decisions) is with oil company and it
prepares the details of drilling procedure

. SE;;; decisions may be momling

nrogroceag
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Types of Drilling Contracts (Cont’d)

| J 33, A combination of both (cost per foot and

cost per day)
= To a certain point or formation cost per foot and
after that (especially in_t_h_e_re_ff_rvoir} cost per day

BN

—

J r'_-_ o

»4.{ Turnkey | 2 v "
/" = Authority is with{contractor )
/ o
( ¢ _ a "
Ny e g Cont¥a CheX f I_ak f’l‘J ¢ L)
= bt S lo U el CondraGle¥ ¢

AL o\ (_'Mhny (}__ I3
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(Persons at the Rig Site)
g

® | » Yhe representative of oil
company:W@J

}Aigeol'ogist", from oil company

>The responsible of rig operation

and rig personnel supervision
frmﬂ@ﬁar:'@%qﬂ\g} |
» Numerous other persons

(driller) fechnicians)(cooky...)

| under supervision of toolpusher
) @® »/Guard|(specially, in Iran)
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Drilling Techniques , ¢slosc/ b
> A. Percussion drilling i
. Icat_jle-tqgl drflfin_g}
M van impact tool or bit suspended in the well from a steel

cable is dropped repeatedly on the bottom of the hole
to crush the rock

v'A cutting basket traps the cuttings and cuttings are
moved to surface

® vIt was used for shallow wells
vIt is now largely obsolete
® ¥its current applications v
“To_drill water wells o/

S

“To place explosive charges to obtain surface seismic data after
et R N
explosion

A Pa c I, il
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Percussion Drilling

» 2. Percussion tool used in air drilling
»In hard rocks, gas flow through the tool causes a
hammer to strike the rocks
It is similar to percussion hammer used by
construction crews to break the concrete

»The number of blows are amund[lSUD bl uws,:’mm
gl sttt

]
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Drilling Techniques (Cont’d)
> B. Rotary Drilling —— G~ @ b

3% All the drillstring rotates

¥ It is suitable for vertical
drilling

V)5 Bit is turned by rotating

by pass

e

Khalil Shahbazi
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| Rotary Drilling |
“1> Downward force is applied
by heavy thick-walled pipes,
called(drill collars |
» Cuttings are lifted to surface
> ] =2 == by circulating a fluid :
f.J,.-,IJUL o ('-'ttf‘“j ll_/ - £ ; '-ji 3
}_: !_._ _'_'_" i_&’l I i TaT :
78 /
. b nadn -'.I‘.j
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Drilling Techniques (Cont’'d)
»C)(Downhole Motor3 The drillstring does not
rotate and the energy of the drilling fluid rotates a
(mud motor (downhole motor) coupled)with the bit
»It is good forldirectionalland|horizontal\drilling
' mw I l
' L g ~ =
P G g D mad medel L D i hele mote? Cr? 42
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Drilling Techniques (Cont’d) f

»D.[Casing drilling} In casing drilling, the casings are
used as drillpipe and the bit is connected to the
casings. So, there is no drillpipe for drilling
»When the target is reat_:hed
=The(bit)and its accessories are disconnected *
from the casing and are retrieved to surface. In
some cases, they can be drilled by another bit

=The casing is cemented

Rigs

> »Land (onshore) rigs ,
1.C ional ri St olsdd
« 1. Conventional rigs — ) e

4 d<,> = vThey are built on location

_» « ¥In some cases, it is left over the hole after

the well is completed

£
o b
" ¥The various rig components are skid-

l“"a
mounted so that the rig can be moved in
units and connected easily

™"
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Rigs have two main parts
' » [Substructure] It has the
function of supporting
the drawworks, rotary

table, stands of

drillpipes and derrick.
The top side is generally £

called the rig floor.

e (B » ]Str'ucture)[Derrich or

Mast)

: _'I-' d & :
P =T Ty s

e
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Rigs (Cont'd)

= 2. Mobile rigs

1,;;,~ "

/@.‘,fJacknlfe or cantllever derncﬁ_"nt is assembled on the
ground with pins and then ralsed as a unit using the ng

hoisting equipment

(J"‘ : mu.ri ?,f_g_}
a'(‘j}l"” I
P el . “J
{4i n )| & r‘\!'ll_’
.l' Sha Key ‘ﬁ,
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Jacknife or
cantilever
derricks
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. 2. Moblle rlgs

wheeled trucks or tra|lers (aH hmstmg system engmes and
dernck as a unrt)

ffC\Tefescoped portab!e maaﬂll is raised to vertical position

and then extended to full helght

— .
& A Jackknife Derrick

> Rigs must be able to |

D= support the weight of

drillstring and casings
which are hung from §

the rig

- = give enough space
(height)to .
accommo&’ate the
length of the

I

equipment to be run

Drilling Engineering-l  Ahwaz Faculty of Petroleum Engineering

Khalil Shahbazi
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| e O ; ” mas 4
; } gt g ot ' T i

IMast raised, sub-structure skidded back
g and raised for operations.

The cross section of
a[mastjis constant
with height
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Mast on Truck

L ]

Comparison between derrick and mast

o T | »For a specified job, masts are heavier than

conventional derricks . Therefore, masts are not
usually found in offshore environments, where -
weight is more of a concern than in land operations. ]

o L
#
#

A (f o) bl mast “H e mas ;,l deWic . @

gL ]
(sl Cotr
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Rig Up/ Rig Down
»To make ready for use,
equipment must typically
e

~Wa=moved onto the rig floor

< massembled
sconnected to power
sources or pressurized s

piping systems

(v
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THUMS California
A drilling rig in a nice building to attract tourists
m ; / n
,L_,..,,-, L,,.:‘,J'.}ﬁ r-'éf; ._{g\dﬂl D pat Feorm ri I {eim k
(s UJC-' rj{; l‘\_,mi__,(,{/)(_jhjt L\f'ﬂ I, tun ke {)J ".—‘rr
.¢t» Marine (offshore) ngs )
{_L!/}r \:'Ll,j P

PPYles 2/ '*:‘5-*’

| («" |
| & 'h“lr_’,l L"' D y2

N3~ & v There is no[severe}nave acfion JH

H1(Submersible drilling barges |
(inland water drilling)

By letting water to enter the tanks the rig sits . ;

[ on the floor
= At wmmg, water is pumped out

and the rig floats and is transferred to another
location™ :

* A platform is needed to protect Ee!lheadLnd :
surface production equipment

* This rig is suitable if |

v Water depths are less than 20 ft)

"
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| (2) Bottom-Supported Moblle Rig (.Jackup)
@)[> They are towed to location % ¥

wh
q with legs elevated

@ $ On the location, the legs are'
lowered to the bottom until it

reaches the seabed. Then,

the platform is “jacked up”

- above the wave action by

[ hydmulic]acks

. depths Iess thantdgﬁj,{for
example Persian Gulf)

4

i

(h|> They are mainly used for
> | offshore exploratory drilling
; _ . 4

| b G of
. e D5 (f PPl (s BeRQ UV
o 7 y

# I . - - R \l‘l
3. Semisubmersible Rigs s
0)lg They are anchored over the hole I r:}

(x)P> They are suitable for water depths
less than{6000 ft)for example,

Khazar sea)
(¥ > They are mainly used for offshore
 exploratory drilling
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M Long distance movement is ‘
B done byaspecsalshlp -~
called !
- o i " i = -
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| ﬁl _ ST
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. )4:,.{(}__.: v~ L

o 4{Drillsh §R.§]

» They are anchored over
v the hole
.} ® «~|% The ship always faces
- incoming waves to

] [. i | PSR, | 1}- - 2 T“

o 4 minimize the effect s of ‘ } e
£z U_J @ the waves I
: ) » They are suitable for i
ro 2 0 water depths less than | |
uaE =t @1 3000 ft (oceans) o
-~ 7= it
a7 O L » They are mainly used for 1

B 2808 cﬁshore
230?20 drilling [
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Various Exploratory Rigs: Land and
Offshore |

IERL]

—_—

(Offshore Development Drilling)®

» Fixed platforms are used in order to redua:e the costs

= Many (for example, 40)[directional wells are drilled '

J - D DS e e O e o e e

from one platform

.l

~

- . W
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Another Classifications of Rigs
T

Drilling rigs
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Semi sub & Drilling ship
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Selection of rigs

Rigs are selected based .on[braw_cirk.s hcrsepi&nwé_r_]
(HP) or@aﬂmum depth thafcan be reached]

[DUTY HOENOCEEEEY W

DRAWWORKS HP 0 [t | 1500 000 | 3000 |
MAXDEPTHWITHS'DP | 2500 3500 1 4500 5500 More |
| — m | m m m === ||

# /' P 1 -
fefaukt super vy o WL, Ligher o,

_‘_;[;__h . HF k-er- _'}n.._,

fJ:quiu-Y.l( /Djp@ . (_:—-r"{-ﬂ'-'j—:-i_-%-"} ‘éjr.\ (_‘Jt;:ll r:‘lf :@
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. . Y 3, b i ol igales
Special Rigs: 1.{Slant Rigs | (=P 6! »% 6
They are used for{shallow wellslin horizontal drilling (1211 o R

sroh hld
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Directional Crossing - Pipe Side
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2. Coiled Tubing

bA_kn_ngﬂgg_;_ai_Iedis wrapped around a pulley. Instead of 30 ft
drillpipes, we have a lang continuous drillpipe —— .J(y;/j_. Ly,
»There is no need for drillpipe connections, so,\time is saveE_) L i" '
a — L.

¥ i

E .
ﬂ u%ngf/gﬂﬂﬁ ﬂ\
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Coiled Tubing (Cont’d)

D{Advantages: |

= Rig is small, moving Is simple and

quick CrC" ol r i o
{4 = No pipe connection, time is saved Lol At ] &t i i g f'“
& . "

iﬁ{Dldevantagesh s cf A o (s LU

“-F:ms cannol be rotated, mud motors
should be used
-.‘, «Pipes are bent around the pulley and
straightened. They are under cyclic
loading and fatigue. So, their life is
— short
'/ «if a damage is occuired in the
drillpipe, the whole upper section
\),!m..:h:l be discarded _
«»The drilling fluid flows from the inside "8
of the entire coil which creates a big
pressure drop

Applications:
=They are suitable for small jobs {mamtenance or workover, su
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Types of Wells (Based on Final Depth)

3 ﬂ_shalipw wed} Fmal@such asIMasjed Solaiman J
oilfield
L% UB—J such

Conventmnal we_w}FmaI depth fromiz;(}ﬂﬂ m to 3

as WAsmari | reservoir in Ahwazor{Marun 0|if|eiﬂﬂ
Deep well} Final depth from/(3,500 m te 5,000 mjsur.h as
angestan reservoir in Ahwazjok-Marun oilfiel

Ultra deep well: Final depth > 5,000 m, such as{Khami

reservoir in jied

Horizontal departures of more than 10,000 m are possible
today with the help of advanced technotogies such as

A,-)’{- measurements while drilling (MWD) .~

logging while drilling (LWD) —> grn:'ua ‘U}
F }/""‘” U"UJ",J;.J,JU[‘«
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The Drilling Process :
/= The operations involved in drilling a well can be

i best illustrated by considering the sequence of
H events involved in drilling the well shown in the

following figure.

| = The dimensions (depths and diameters) used in
" this example are typical of those found in the
North Sea but could be different in other parts of

the world.

= For simplicity, the process of drilling a land well
will be considered below. The process of drilling a
subsea well will be different. -

e

— =

e e W
o 18 ), Ms;“uw[—- ol Ciezal Gy Liny ‘E_S-’L Cr! Sl

.5:' .
IL“HJ" 2 (5.7 fr Vi /L.J 2/ (_}'JL‘J U’r‘\f-'f" ] 3 ,L'J}{D/Uj)

,').:-» (3""'""/5' <4

The Drilling Process (Cont’d)
9 i oty * The following description is only an overview
it ¥ d‘_ of the process of drilling a well (the
l,u Lo s construction process ).
(> 55 |+ The design of the well, selection of equipment

I "’gu") g and operations involved in each step will be
il dealt with in greater depth in subsequent
| ﬂ; chapters.
/. Before all, by the construction department,
l the road to the location should be made and

the location area should be flatten

31
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/ Installing the 30” Conductor

® The first stage in the operation is to drive a a large diameter

pipe to a depth of approximately 100 ft below ground level
using a truck mounted pile-driver. ( uj’f

® This pipe (usually called casing or, in the case of the first
pipe installed, the conductor ) is installed to prevent the

unconsolidated surface formations from cellgp_smg whilst
drilling deeper C 27D

® Once this cenductc-r which typically has an outside
diameter (OD) of 30” is in place the full sized drilling rig is
brought onto the site and set up over the conductor, and
preparations are made for the next stage of the operation.
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Drilling and Casing the 26” Hole

R 1 v m The first hole section is drilled with a drillbit,

diameter (ID) of the e conductor. Since the 1D of
the conductor is approximately(28”) a(26”]
diameter pitlis generally used for this hole
section. ) SE—

¥ = This 26" hole will be drilled down through the
unconsolidated formations, near surface, to

which has a smaller diameter than the mner B
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T@ * If possible, the entire well, from surface to the reservoir would be ,j Oj,’_, 9
drilled in one hole section. However this is generaily not pOSSIh|E . ; !
,l CsA _;m ) ¢}y because offgeological andf formatmn ion pressure > problems)which are L s Lot
[ i encountered whllst dnlllng Lo - .
“e'2 GV [ The wellis therefore drilled in 5ec_tm|_15, with casing beingused to (a5 0 s C;i/ L’ s
,Jg,_,,.l__,f_ e isolate the problem formations once they have been penetrated. This - - e i 1
r means however that the wellbore diameter gets smaller and smaller | (___, /Jq_,, o JJ _
U"'J(A "'”j as the well goes deeper and deeper. ; |
. = The drilling engineer must assess the risk of encountering these (s, Lo O J?"“ r2
(J_i L problems, on the basis of the geological and formation pressure ’ /
- { information provided by the geologists and reservoir engineers, and AL :__;'0__,—51-
_ 1:_)-("‘ (:)..:'/.» £ drilling experience in the area. The well will then be designed such i
y {o JL.- s that the dimensions of the borehole that penetrates the reservoir, = o »
» U/ and the casing that is set across the reservoir, will allow the well to be Xy ,
o P produced in the most efficient manner possible. 2w
J-l—'«'f-' -
L ¢ " * |n the case of an exploration well, the final borehole diameter must U;UJV(‘U" nJ [
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Drilling and Casing the 26” Hole (Cont’d)

* Whilst drilling the 26” hole, drilling fluid (mgt_:l)
is circulated down the drillpipe, across the
face of the drillbit, and up the annulus

bet w'ée_'\the dn!lplpe and the!borehole )

carrying the drilled cuttings from the face of
the bit to surface. =

At surface, the cuttings are removed from the
mud before it is circulated back down the
drillpipe, to collect more cuttings.
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Drilling and Casing the 26” Hole (Cont’d)
» (@ When the drillbit reaches approximately 2000 ft, the drillstring
is pulled out of the hole and another string of pipe (surface o Bt Ea ]
casing) is run into the hole. > sut ditwme tey
' J|= This casing, which is generally 20" OD, is delivered to the rig in
40 ft lengths (joints) with threaded connections at either end of

each joint.

J » The casing is lowered into the hole, joint by joint, until it
reaches the bottom of the hole. ) '

\U t) V= Cement slurry is then pumped into the annular space | between
the casing and the borehole. This cement sheath acts as a seal 5 il ol Us ;W
between the casing and the borehole, preventing cavings from =
falling down through the annular sy space between'the casing and
hole, into the su'bsequent hole and/or fluids flowing from the

l rr,{:xt hole section up into this annular space.
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o i
JB_ Driiiing and Casing the 1/ 1/2” Hol€
J Once the cement has set hard, a large spool
called a wellhead housing is attached to the
== R L s T R | (PR R YT g
top of the 20 casmg.. s s
" = This(wellhead housing|is used to support the
weight of subsequent casing strings and the
annular valves known as the Blowout
prevention (BOP) stack which must be placed
on top of the casing before the next hole
section is drilled. _

Drilling and Casing the 17 1/2” Hole (Cont’d)

= When the BOPs have been installed and
pressure tested, a 17 1/2" hole is drilled down
to 6000 ft. AT e

= Once this depth has been reached the

troublesome formations in the 17 1/2" hole
are isolated behind another string of casing

‘, (13 5/8" intermediate casing). (3 SU¥ TG “winy,
%, » This casing is run into the hole in the same

way as the 20" casing and is supported by the
20” wellhead housing whilst it is cemented in

. f nlace.
- | wt;—_- |
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Drilling and Casing the 17 1/2” Hole (Cont’d)

When the cement has set hard the BOP stack is removed
and a wellhead spool is mounted on top of the wellhead
housing. hlioiaas

The wellhead spool performs the same function as a
wellhead housing except that the wellhead spool has a
spool connection on its upper and lower end whereas the
wellhead housing has a threaded or welded connection
on its lower end and a spool connection on its upper end.

This wellhead spool supports the weight of the next string
of casing and the BOP stack which is required for the next

hole section.
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Drilling and Casing the 12 1/4” Hole

J® When the BOP has been re-installed and pressure tested a
12 1/4" hole is drilled through the oil bearing reservoir.
Whilst drilling through this formation, oil will be visible

on the cuttings being brought to surfa:_:é by the drilling
fluid. -

If gas is present in the formation, it will also be brought to
surface by the drilling fluid and detected by gas detectors

placed above the mud flowline connected to the top of
the BOP stack.

[ If oil or gas is detected, the formation will be evaluated

more fully. -

L@

Drilling and Casing the 12 1/4” Hole
\/ ® The drillstring is pulled out and tools which can measure for
instance Athe electrical resistance of the fluids in the rock )
(indicating the presence of water or hydrocarbons):¥the
bulk density of t_hé_rmdi*éatiﬁ_ghtﬁ_ﬁrbsity of the
rocks; e raTUrAT o Eeve et Lo e
{indicating the presence of non-porous shales or porous
J sands) are run in hole. - ¥

* These tools are run onlconductive ca bleJcalled|electric
wireline ) so that the measurements can be transmitted

and plotted (against depth) almost immediately at surface,

These plots are called Petrophysical logsland the tools are

therefore called{wireline logging tooB |
e f

T,
)3 2o well .\MJ Lﬂ;,}frj i‘hQF/f'/gJ

38

Scanned byoﬁgms?t. rlm?ar

| i1 ur-nart.blogta.com
javadfarzaneh@chmail.ir g



4

; a— B
?r-. : |j/'_} |‘." {.\-JIFJ

8/21/2013
1 IL b .”/ 4 |Il L 1, L ):-L I‘"f“ tes | r..] e,

well dest (s I‘,- =

kel o

S Drilling and Casing the 12 1/4” Hole
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® In some cases, it may be desireable to retrieve a
large cylindrical sample of the rock known as a

@& |, [core} _y
- " Inorder to do this, the conventional bit must be

pulled from the borehole when the conventional
J drillbit is about to enter the oil-bearing sand.

" Adonut shaped bit is then attached a special

large diameter pipe known as a core barrel is run
in hole on the drillpipe.

J = “This coring assembly allows the core to be cut from the rock and
retrieved.

" Porosity lnd(permeabilityJneasurements can be conducted on ®
this core sample in the laboratory.

® Insome cases, tools will be run in the hole which will allow the
hydrocarbons in the sand to flow to surface in a controlled
manner. These tools allow the fluid to flow in much the same
way as it would when the well is on production.

since the produced fluid is allowed to flow through the

drillstring or, as it is sometimes called, this test is termed a drill-
stem test or DST, S

."‘———_.____..
If all the indications from these tests are good, then the oil
company will decide to complete the well

If the tests are negative or show only slight
well will be abandoned, ~ )

indications of oil, the -
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» If the well is to be used for long term production,
equipment which will allow the controlled flow of the
hydrocari:_a_cﬁs_rﬁust be installed in the well.

P[ = In most cases, the first step in this operation is to run and
cement production casing (9 5/8" OD) across the oil
producing zone. _
V= A st_ring of pipe, known as tu bing (4 1/2" OD), through
whihc_l-fihé-hyd?oca rbons will flow is then run inside this

casing string. o
\v LJ \r " The_;;t:oducti:)n tubing, unlike the production casing, can be . 0);.;.-(_), &
pulled from the well if it deye@_ff_:éya leak or corrodes. The ik
annulus between the production casing and the production
tubing is sealed off by a device known as J

;' . II_.’jL‘j oot LS

:t' P |r-.__,'l ({ Yl ‘l(v\ L /}‘ ()"

—

Completing the Well

nThe packer is run on the O’\ﬁd;}u VG AP oY
bottom of the tubing and is set T b

in place by{hydraulic pressuré ,_Ulc-"f L
of mechanical manipulation of 3= ¢ » | flffe=! G

the tubing string. Production
=\When the packer is positioned Tubing

just above the pay zone, its Q -
(rubber seals|are expanded to " "
seal off the annulus betweenthe |  —— Packer
tubing and the 9 5/8" casing

= The BOPs are then removed -
and a set of valves (Christmas . v
Tree ) is installed on the top of : by Cas = Y9 (s

the wellhead '}J.__,F"j 7 Ff"'?OTL{f Jy-}‘_ L}p

| PEA T T e
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f_ The,Xmas treejis ‘used to control
the flc-w oanc_e_:f t reaches the
surface.

To initiate production, the
production casing is “perforated ”
by explosive charges run down the
tubing on wireline and positioned
‘idjarent to the pay zone.

Holes are then shot through the
casing and cement into the
formation.

The hydrocarbons flow into the
wellbore and up the tubing to the
surface.
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Rig Overview
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. Christmas Tiea

— Walhgad
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-

comprises of:
0, Hoisting system
P = Fluid circulation and
storage systems
e ]

GF Rotary system
®a power supply —> (J/)Jr' e

[ S i

= Well control system
9 = Well monitoring system

Fig. 1.4 =Tha retury drilling procoas.
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® Hoisting System : _;,,,;
> It provides lowering or raising j
[drlllstrmg, casing,)and other N ()>' 6 Ao i ]
subsurface equi equment into or out
of the hole. These activities l
J consist of
or Makmg a connection (adding a new l
J h jc}lnt) ¥
| ¥ = Making a trip 1
= Changing a dull bi »1/
e ERER R, WS !
" ® Running casing . l
B s
<) * Doing fishing E
Drilling Engineering-l  Ahwaz Faculty of PetrnleumEne;rFm Khaﬂlshah;aﬁ '_l ' I
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9 Power System
» Diesel engines are used to

produce power » (;J,_)H'fn
> Power is transmitted using e

gears, chains, belts '1nd /ol
clutches yglw+ )

-—L—f-f.____
P> [Qutput power: rl:' -Tw=T2xN /60) l A-'-?'la
> W in rad/s and N in RPM

d Input power } [__1::1

B[w\: the e rate of fuel
consumption,{Hheating
value.

-

> Heating values and densities =
of some fuels: Table 1.1
P Overal power system( . P (M
efficiency: B, =

Exersise 1.1

» The following data were obtained on a diesel
engine operating in a brake
» Engine speed (rpm)  Torque (ft-Ibf)  Fuel consumption (gal/hr)

800 1650 15.7
J‘P@) Compute the[b(q@g_hg@epoﬁépat each engine
speed L 0

P =Tw=TN(rev/min)(27rad /rev) = 271650(800) ft — Ibf /min
P =271650(800) /t ~1bf / min(1p /33000 ft ~ Ibf /min) = 251.33kp
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Exersise 1.1 _
»The following data were obtained on a diesel

engine operating in a prony brake
» Engine speed (rpm)  Torque (ft-Ibf)  Fuel consumption (gal/hr)
800 1650 15.7
{» b)Compute the overal engine efficiency at each engine

speed
g = W_.rH

@, =15.7gal / hr(7.21bm /1gal)(19000 BTU | lbm) = 2147760 BTT  hr

© = 2W4TT60BTU [ hr(T79 fi ~ Ibf (1BTU)1hr /60 min)(1Ap/ 33000 i — Iby [ min) = 845hp

[ Brilling Engineeringd  Ahwaz Faculty of Petroleum Enginer ‘ng Khalil Shahbazi

vva e _ sdu

Exersise 1.1
» The following data were obtained on a diese|

: engine operating in a prony brake
» Engine speed (rpm)  Torque (ft-Ibf)  Fuel consumption (gal/hr)
: 800 1650 10:7
_. > (b) Compute the overa| engine efficiency at each
%: engine speed
: P 2513
' E, o e 0.297

ll_ Brilling Engineering-l  Ahwaz Faculty of Petroleym Engineering Khalil Shahbazi
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Exersise 1.1 .
» The following data were obtained on a diesel

engine operating in a prony brake
> Engine speed (rpm)  Torque (ft-Ibf)  Fuel consumption (gal/hr)
800 1650 15.7

}* c. Compute the fuel consumption in gallons per
day for a 12-hour work day

w, =15.7gal | hr(12hrs [ 1working  day)=188.4gal / day

prbie p b Te Apushney o lees ol
| A 5
ot -,_)" - L\ " Lolpu Shev ']_;,—, \_J./'*‘-‘- r_'ll" Cax
J ol

3

4 .
LamPayny rag

= v ~ gk
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A Derrick

2 g o

»Derricks are

designed based .

on

— @ »Height

~ (@ »Whithstand ,
compressive
loads

(%) »Allow wind
| | loads
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» APl standard of derrick spemﬁ’c\’:’ations and
ratings: the best reference

- Bﬂ{AHowable wind loads:/worst c_aSé_ﬁ
« All the pipes land drill collar stands on the rig floor

* Wind direction perpendicular on the stan na
that creates the highest moment 3

~~= An overturning moment is created

Hoisting System (Block and Tac:kle) .

> Hoisting system ad P Lonls o
provides mechanical |
.advantage to permit

. easier handling of large

foadsl

CROWN BLOCKE

i 7
B!anml SN - oty

' Sk,

- I’EF(.LIN[,

h!.mu.uu mml
5

i |' :
THIVH.IIIIGIILQ-:H- A

- = ' Muunun
! Brilling Engineering-l  Ahwar Facuity of Permleum Engineering

Kh.a!-ll .E,hahllnazi ,

jaadfar'z;nhch mail.ir



Td/‘é:h!( ’ V efficiency €

: s - /,L/ | L f,.
\ A & i pp B Al [ N B0t 1) NOEE 9/21/2013
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: { Vs coedesr (3"
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[ Hoisting System (Blook and Tat;kle) e

P, =P + P/ frictions + PNz L=~ sd 0 g2 LI

i CROWN - i
SN BLOCK e

.g!.:'\, . - P -

o

ol o~ P

4' ;’

MMMMM d

(hfr% . ’ . \\ ) Dead line \"', : ..-.
| drawwark | S ARAVELLINGBLOQK 3 (Cr 7 %\_ ..... E /
T O o P
4 )Ua B v £ U/—‘F}-f— y |!J =
|Number of sheaves in crown block~ number of sheaves in travelling block +1 -

Sheaves in both crown block and travelling block have different rotational speeds

Brilling Engineering-|  Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi

Block and Tackle

»Mechanical
advantage= W/F;
»From statics:
=nF;

»n: 6,8, 10,12

Input power:
P.i=Fth

(>Output power or hook power] P,=WV, | L e
»Efficiency{ E=output power/input Eo@g} 2

PE= WVbIFer(nFJ(V dn)/(FVp)=1: Ideal case E,’:L.pi e Yoo z il
»In actual systems: we have power loss due to friction

& 5 o y r,:fr;(,b'.r‘ ”

R A

Moy 21> deivy ck

Lep shrage e |
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Lo Une ot blgo s o) ot Drilling Line
T -
> EfﬁCiE‘nCies alre gi\ien IN  Mumber ?I Lines Elfin(c'i__s;ucy
(n TR
Table 1.2 R I
B 0.841
P 10 0.610
12 0.770
14 0740

y L F
w L ,

sB M e I

A A K eV

| »Assume a safety factor (SF) for wear and shc-r;k Ioadmg
| conditions - o005 ) < ail> Jira1y 2
:#Frnew (SF) | S i ‘\' ’

! s . _ o Y "--J"_Ir..-’,_,h-—-
d [ [>Select drilling line size i o e 2! g A s

\
o (Bl doo 5 ,22)

. . - ,
. Drlllmg Line (Cont’d)
‘ 1» : Nomlnal Strength.. _ -
| PHawng fnaw*] - Nominal Approximale Improved  Extra lmproyed
i th d . % Diamater Mass Plow Steel Fio_wSteak '
e diameter * n) (Ibmft) (ibf) (1bf).

112 “'D:AB- 23,000 ;
can be 016 0.5 29,000 a0
calculated 3§ 07 2ES
from Table ;1@ -1 89,200

i T 1.85. 89,800
14 118 244 113,000
' 114 2.89, 138,800 * -
3.50.. 167,000
: 416 197,800
-
e et - imp
850, .. 304000 -
, 344000 -

s N

e - = c
A g, qu’fl 'J-"llffif"‘ E L—"'"'I“'*-""dv‘-‘ wives « 3 ] Stvand P §

Qr-n,jhu-.nd Ja),ur-* -,*.JS‘“ P~ e S sfnal (.L_,—‘-'-*L:.:v)

-I g A ——— S'{Y.‘“‘[s
@ , Awyies

nned byOCamS
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-
- | / Forces on the
-~ o -- { |
—‘-’ e
] Jﬁ,)i}_.rJ n'",'_ e
Hff/"/)f“*" gr's
F
. o F WA P E
.--.1L5 » At the first sheave (dead line):\F ~Win }
8 » At the last sheave (fast line), all Insses are L i j'"
asumed to occur at this sheave: ;Ff—Wi[En) - r' s H/ -~
' W W 1+ E + En wly _',,t )
! . F =W +—r+—E-"—:3- f"; (T] U’JJ L 1I'||',' )J
| I . (w i = £ I{.L—'] Cr-—'-‘:-" s 3
Ikl_iﬁ,) Bj!' i f ) .—5 ...A{T/&f'f_’ff"r)-’l = [/M e
b c‘ Taww.v ¥ S
B s Load on Each Derrick Leg
| Boor 30 e
n ! Gl s i . v
! (5~ S D‘w_hn.!,fufrllleﬂht'q‘-'__.l (w'_ljﬂ/) U)’T'
ease I“' ) L
' G 0, Lrlez 30
r Fuu Lins , o ) Lﬁé_
' - L] ﬁ _LI Rt ol :
¥ Load source total load legA legB legC leg D o B g i €l and 1
. » Hookload W W4 W4 Wi4 wia s xSt
> Fastlne  WIEn) O 0  WI2En) WI(2En) - g 1.
u L » Deadline  Win Win 0 0 0 L;JU "' ot
: (o954 )5 &
> Total load W(n+4)/4n) WI/4 W(En+2)/4En W(En+2)M4En |
l )-“For E>=0.5, maximum load is on{leg Awhich is

- - , ~
Ifdﬂ'; o0 O:f""‘: /Or_" ¢ 4’0[" beit o4 )J:dﬂ', D !‘:C pﬁ[;r_’_ﬁ olend \ing
) 7 e ot Caciut xt -
2 > ’:ﬁ:’[ dfurl 'li'l'le_ {pl_f— @ 32 - %ﬁ*li‘t /U—;’.{,)
)J’td‘f ﬁ-—-d-l- (A:;;- @fp..a
ned byCams T
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Derrick Efficiency
» Maximum equivalent derrick load: Fge
! 3 Fge=4F mamun=4(Y(n+4)/40)

; L ..'.- A o -':_ 1 .\{" Jﬂ|
G b | Fye=W(n+4)/n 3
e deveve ko L3 Derrick efficiency:Ey
gy B} actual derrick load
E;=—— . ]
il duma) maximum equivalent load
Ly /
'1+E+En Y,
LTt b
[ En J B E(n +1) +1

:\‘ s 0, R —_
Ea w[nﬂ] 17 E(n+4)
n

“

Exercise 1.3
» A rig must hoist a load of 200,000 Ibf. The drawworks
can provide a maximum input power of 800 hp. Ten
lines are strung between the crown block and the
traveling block and the dead line is anchored to a
j derrick leg on one side of the v-floor

>(3) calculate the(static tension}in the1-ﬁf;5:c_li_ﬁé}when

upward motion is impending Humperof Line” - Sememiy .,
» From table 1.2: for n=10, £=0.81 g 5 pa
G s db 19 3:;733 |

W 200000 g i

= 24691ibf

" En_ 0.81(10)

, Dtilling Engineering-l  Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi
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" Exercise 1.3
> A rig must hoist a load of 200,000 Ibf. The drawworks
‘ can provide a maximum input power of 800 hp. Ten
E lines are strung between the crown block and the
traveling block and the dead line is anchored to a
derrick leg on one side of the v-floor
; P@calcufate the maximum h{:;_@_k_@gres_pgwer
N a available )97 CF 7o VM Syso e dFaw woY X

J P 1. P (5, J‘:rr-r—ﬂ/-'/] - [er : ‘

Baibos 0= oy o orghs
D 800

| I S

DHiling Engineering-! ~ Ahwaz Facult of Petroleum Engineering  Khalil Shahbazi . .

Exercise 1.3
» A rig must hoist a load of 200,000 |bf. The drawworks
can provide a maximum input power of 800 hp. Ten
lines are strung between the crown block and the
traveling block and the dead line is anchored to a
derrick leg on one side of the v-floor

H J #(©) calculate the maximum hoisting speed

. P.‘: i mﬁ:!ﬂc}c = P;_‘;bck = 'H_f-

648hp (33,000 f# — Ibf / min/ 1k
V = 3 p) s -
block 200,000067 =106.9 /#/ min

51
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Exercise 1.3
» A rig must hoist a load of 200,000 Ibf. The drawworks n
can provide a maximum input power of 800 hp. Ten
lines are strung between the crown block and the ]
traveling block and the dead line is anchored to a
J derrick leg on one side of the v-floor I
>
i

@ calculate the derrick load when upward motion is
impending

TN, i E+Enp, 11081+ 0.800) 500,000 = 244,69118f a
En 0.81(10)

DFilling Engineeringl  Ahwaz Faculty of Petroler 1 Engineering Khalil Shahbazi

Exercise 1.3
> A rig must hoist a load of 200,000 Ibf. The drawworks
can provide a maximum input power of 800 hp. Ten
lines are strung between the crown block and the
traveling block and the dead line is anchored to a
derrick leg on one side of the v-floor

:
|

§

:

1

{ [ calculate the maximum equivalent derrick load ¢
i

I

q

]

u

_W(n+4)  200,000(10+4)
E, = =

= 280,000/b
n 10 4

| DFilling Engineering!  Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazi
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Exercise 1.3 o i | Gt e pSe
> A rig must hoist a load of 200,000 Ibf. The drawworks
can provide a maximum input power of 800 hp. Ten ¥ e
lines are strung between the crown block and the =
traveling block and the dead line is anchored to a e KON Vg
derrick leg on one side of the v-floor = S L
J }-{ﬂ calculate the derrick efficiency factor | ~ A0 LG s
2
(ore) oo 88 S0 G D2 (), b ! e
E(n+1)+1 _ 0.81(10+1)+1 _ 873
1T E(m+4)  081(10+4)
: )._.a{:-‘ CVswn blec ke
Dhilling Engineeringl  Ahwaz Faculty of Petroleumn Engineering khalil Shahbazi J
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Exercise 1.6
> A driller is pulling on a stuck drillstring. The

derrick is capable of supporting a maximum
equivalent derrick load of 500,000 Ibf, the

drilling line has a strength of 51,200 Ibf, and
the strength of the drillpipe in tension is
396,000 Ibf. If gight lines,are strung between
the crown block and traveling block and safety
factors of 2.0,are required for the derrick,
drillpipe, and drilling line , how hard can the
driller pull trying Wk pipe.

Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi
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O
Exercise 1.6 (Cont’d)

»Table 1.2: for n=8, E=0.841
W{n+4) , 500,000 W(@+4)_

F, = = W =166,666.7Ibf

4 2
H 51,200 W
R R i = W =172,2371bf
ke I En’ 2 084 1(8)
o Jrll."J' srren e . r

! W, = gty 396000 _ 98 00018/

Safety  factor Z

Therefore, Maximum force = 166,666.7 Ibf

blilling Engineering-|  Ahwaz Faculty of Petroleum Engineering ~ Kha' Shahbazi

Hoisting System

» It provides lowering or raising

Lllstrmg lcasing) and other

subsurface e equipment into or out |
of the hole. These activities
consist of
U M_al_cir_mlg_a_ connection (adding a new :
joint) R
@' Making a trip
\I Changmg a dull bit
f ® Running casing
(©)n Doing fishing

' Drilling Engineering!  Ahwaz Faculty of Petroleum Engineering Khali Shahbazi
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Rotary Table
turned in both CfUM?U-:']“J'Id z_mlf-
clockwise directions
>t is controlled from the drillers console
! (@[ »It has a square recess and four post
holes (s, 8

v >A large cylindrical sleeve, called a
|mb?té|:5_l._1$_h_ir1@is used to protect the
rotary table

J @) Thetorque from the rotary table is

transmitted to the kelly through the four g
pins on a device which runs along the §
length of the kelly, known as the kelly
bushing. -

bhilling Engineering-1

Kelly .o

@3 An almost 40 or 54 feet long square or

hexagonal steel bar with a hoie_cmu_eﬁ'thmugh
thelmiddie for a fluid path, ——————

»Is used to transmit rotary motion from the
rotary table or kelly bushing to the drillstring,
while allm\.?inghe drillstring to be lowered or
raised during rotation
)“*The__iggﬂg goes through the kelly bushing
which is driven by the rotary table
The kelly bushing has an inside profile
matching the kelly's outside profile (either
square or hexagonal), buty@@&e

dimensions so that the kelly can freely move
up and down inside

Btilling Engineering-l  Ahwaz Faculty of Petroleum Engineering
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@1> The kelly is made of high quality A
treated steel - %
: . " %
@ > It is an expensive part of the drillstring ‘é":’?
2> To prevent it from excessive wear ” (5 pikso
caused by making and breaking ‘ L
. connections 7
F ! # l& = akelly sub (kelly saver sub) is Kelly Sav e
Kell § mounted at the bottom end of it €= o 5t
= - To prevent possible backward flow of A g s
. M sy~ ~= | the mud in case of an kick : als (7 x
b 2 ¥ - s> | b e
% . *» a kelly cock providing a backflow 2E M
| g e K<\ ¥ sky  restriction valve is mounted either ‘ . _J/ U G .
end of the kelly (often between kelly |- A L Wi e W BOTIRRIL YA
- and swivel) ./ \ : A ——— TR
{U_,L__;,a;‘j,ru,ﬁ ) ¢ STL P e - ot '/: _oph U\L k Valle J)L_;»i!.r_; s G R kel y ¢ UL
' o S WY Gl e b7« wb U Cislo 6 G ) QL e, 2
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o L WY (2 L (G2
; :
B oy G 1 Kelly (Cont’d)
K ReereY »Right handed — ,gebizec-b s
- , -t | onthelower 227 @ 3 \
Camna CHIN end (pin)
1, | »Left handed
. C
on the upper
ke l\y
five » "™ | end (box)
D ol o

> kuy 6V

o0 C4

! -._,--“L:.l. Swivel
led4 wtlers UL

-)\-J“"d’ Ui
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Lokl G atpll 2l (5 6 f’ /' 9/21/2013
) - X - ,
9 .J"-"'- Yotay Y \3“.,__}“"} x nlq'p‘i ._.L’ ..-'-_'_5-;...' O s (g~ I..J o\ .
_F'J/rjpt,r' M, u,,l/
— o CE
oXo> 5w Kelly Bushing
m p}‘.ﬂm adapter that connects the rotary
L table to the kelly
44 oL ’\’}”‘ .j

dj‘}"ft is connected to the rotary table by
l _four large steel pins
(“/>The rotary motion from the rotary
table is transmitted to the bushmg
l through 4 pins, and then to the kelly
L

itself through the square or hexagona

flat surfaces between thejkelly and th
kelly bushing) e

¥ >The kelly then turns the entire

drillstring because it is screwed into

the top of the drillstring itself

ﬁ'?DEpth measurements are commonly

referenced to the kelly bushing
" Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi
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lI..'_“ (s /o) "J/L’-'-;PH_",)

‘ / P : g ' )
L """‘[_’ et G0 s lies H/L_Lb) 248} e 22r O 'r—;- [T S
—r s> s

L;”F’J’:_.flq-f'lu ;

i o . _
;.-;/"'J“JJJ'}J"U“‘I““L"-'A—*’*“ (_,-_JJI,(__-;.,J,,!,- &' ShWer (B!

. —Slips
@>They hang the drillstring while
connecting or disconnecting (asin ,
tripping in and tripping out) _ J* o ;
(> They are made up of tapered, hinged ¥
segments, which are wrapped around
the top of the drillpipe so that drillpipe
can be suspended from the rotary table §

when the top conn gyon of the i
drillpipe is being 53’ \fd or unscrewed. #

@) »The inside of the : slips have a serrated
surface which grips the pipe o | , A

SF

o

st ip el

e Vel ek
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| Maxking a Connection (Adding a Ne
(®To drill further: When drlfl'lng ahead the top ¢ of the kelly
will eventually maches__’gfle rotary ary table. At this point, a

new;omr ofp.ipe must be added to the string in order
to anF deeper

/ ;ﬁS‘lnp the rotary table, pick up the
keJI',rEnil the connection at the
bottom of the kelly saver sub is above __¥
the rotary table, and s_tBE_f:hmping

J) Set the drillpipe shps in the rotary

d[JJI'sﬂng, break the connection m-,
between the kelly saver sub and first
joint of pipe, and unscrew the kelly

Making a Connection (Addmg a New Joint)

QSwrng the kelly over to the

next joint of drillpipe which "
is stored in the mousehole 0 =

{(an opening through the ot

floor near the rotary table) NRTor s Jd U’Jf,., ':,;!"{_J L
(4) stab the kelly into the . :
new joint, screw it together G/ 0o ol 07
and use tongs to tighten the

connection
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A D =S e 0w ..

3

{ e %
)’@Prck up the kelly and newp:nt out ::-f the mousehole and swing the
assembly back to the rotary table

[]36)stab the new joint into the connect

make-up the connection )
/ >’®Pick up the kelly, pull the slips and run in hole until EEE"V bushing >

AR engages the rotary table table
277 I >start pumping, run g, run the bit to bottom and rotate and drill ahead

This procedure must be reneated ever-,r hs drilling proceeds
Drilling Englneermg -l Ahwa Faculty of Petroleum Engineering Khalil Shahbazi

7 o UL aL L g ket aogi gk e

- Jusfh.,vw \ine I,j,Jr.,'J' (__5".'/{.9

ion above the rotary table and

}y-w r-*-‘_s;‘*—")"’ ;

&8 =0 =N 2

il B et Staw o Prpe

L.a}-‘slﬁ.: rotavy Yo se
2 U!"“sj Sw.l\fe’\ d—"-’,-d

Rotary (Kelly) Hose

O >A large-diameter (3 to 5 in.
inside diameter), high-pressure ___
flexible line used to connect the ESEE
standpipe to the swivel

(0 »This flexible piping
arrangement permits the kelly,
the drillstring, and bit to be

: ' raised or lowered while drilling SESEes SN :
l |

2 4

fluid is pumped through the
drillstring

I—
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Making a Connection (Adding a New Joint)

Y

L

|_
|

N R
A Blengieg b et
o oadten meie,

‘\1 5

i@Pick up the kelly and new joint outo t hole and swing the
assembly back to the rotary table

J|¥B)stab the new joint into the connection above the rotary table and
make-up the connection

P@Fick up the kelly, pull the slips and run in hole until the kelly bushing

)1, . |engages the rotary table N !
O >Start pumping, run the bit to bottom and rotate and drill ahead

This procedure must be repeated every 30 fths drilling proceeds l
Drilling Engineering-l ~ Ahwa~ Faculty of Petroleum Engineering Khalil Shahbazi
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6,5, Yetary e Se - =, Stand PrPe ~  dvsChavae \ine csh )@

L

i, [swivel 3o

Rotary (Kelly) Hose

() >A large-diameter (3 to 5 in.
inside diameter), high-pressure
flexible line used to connect the
Kigie nne 1 LRHEcE 1
standpipe to the swivel
() »This flexible piping
arrangement permits the kelly,
the drillstring, and bit to be
raised or lowered while drilling
fluid is pumped through the
drillstring
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‘ Traveling Block

© »The set of sheaves that move up and
down in the derrick

- @ > The wire rope through them is

threaded back to the stationary crown

blocks located on the top of the derrick

4 S-f >t gives great mechanical a aclvantage to r: % Z'. Travelin
¢ & | _the action of the wire rope drilling line :

%1t enables heavy loads (drillstring,
. casing and liners) to Iggm‘t_ed out of or
lowered into the wellbore .

e —_— —t

Dhilling Engineering|  Ahwaz Faculty of “etroleurn Engineering  Khalil Shahbazl

K] ._'i.l”b %‘(_“!i'} g )_’1/' .r_'f!'_g, wa J:} it u, A 2 L‘_’ C Ve |

A S

Kelly =~ L)) L ol 0o, e e bl seivel

1 Sy

— |
Swivel 7% &'o's IF ¢

i

|
i i ;-J)/EF,-" JJ’,II‘"_' J!JV'A ) .

| Ak »A mechanical device that must ‘ ‘.{“ bl & a,
‘: &= simultaneously g | -

1 (}Suspend weight of the drillstring -

b e b I 4| L<@mprovide for rotation of the -
3,1, Wr 2= drillstring beneath it while keeping @
suiVel LA 0A2 the upper_portion stationary

: /L. ©=permit high-volume flow of the

fixed portion to the rotating

C orY : . : "
Gl portion without leaking high-
pressure drilling mud
[ Biilling Engineering-]  Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi |
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Tongs
(V> Large-capacity, self-locking {_):f'{/r{

wrenches used to grip
drillstring components and
apply torque to unscrew
(break) and screw (connect)
the pipes together

¥)»>They must be used in
opposing pairs

(3 »One set of tongs is tied off

with a cable or chain to the

derng_lg_

»The other is actively pu pulled

with mechamcal catheads

P e _
.!Lhwaz Faculty af Petraleum ng:neering Khalil Shahbazi
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To Unscrew (Break) a Connectlon
:)H\ stand (3 lengths of drillpipe) of pipe g = v g
is raised up into the derrick until the £
lowermost drillpipe appears above the
rotary table » (Cawob) of b S¥
»The roughnecks drop the slips into
the gap between the drillpipe and
N
Yoty “I~Thakter bushing in the rotary table to

'+, |¥'wedge and support the rest of the

] PO bl
O A drillstring

bt i ba ‘_@)‘»The reakout tongs are latched onto

5 +| the pipe above the connection and the
b o2 27| make up tongs below the connection

2y ;L P> With thefmake-ip fong)held in
L position, the driller operates the
il and breaks out the
connection
Ing Engineering|  Ahwaz Faculty of Petroleurn Engineering  Khalil Shahbazi
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[ " [ 1o Makea Ca“.n"ct
-\“PTheImake up tong\is put@bove,
and thelbreakout fongfb elow h

connecﬂon

) »This time the breakout tong is fixed,
and the driller pulls on thqmake up
tong]until the connection is tight

> Although the tongs are used to
break or tighten up a connection to
the required torque, other means of
screwing the connection together,
prior to torquing up, are available

4-"‘-.
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Cathead

(U > A rotating spool that
enables the driller to use
the drawworks motor to

apply tension to a chain

connected to tongs

> The chain, acting at right
_angles to the tong handle,
imparts torque to the
connection being tightened
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g2 (%> The reeling out of the drilling

I ).'P.f./ ‘
. SMeL?
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Kelly spinner (spinning wrench)
b- A mechanical device for'_r_nilgting AT lf
the kelly, typically pneumatic. o et o
(O 1tis a relatively low torque

device, useful only for the initial
makeup of threaded tool joints.
It is not strong enough for
proper torque of the connection
or for rotating the drillstring

()

@ itself.
The kelly spinner has largely
replaced the infamous spinning
_chains, which were responsible
for numerous injuries on the rig
Sfloor.

I~

@FThe machine on the rig
consisting of
*a frge-dlameter steel spool

"3 EUWET source
=auxiliary devices

5% Function: to reel out and [e_gl
in the drilling line in a
controlled fashion )

It causes theftraveling block
and whatever may be hanging =&
underneath it to be lowered
into or raised out of the
wellbore A

line is powered by gravity and
reeling in by an electric motor

or diesel engine
BFilling Engineering-1
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Fingerboard (Monkeyboard)

t ON>The working platfom appmxlmately
halfway up the derrick or mastin which |
the derrickman stores drillpipe and drill '.j:

out of the hole in the pipe racks ok
‘:*?" I3 The entire platfom consists of a small
section from which the derrickman
works (called the H1DI'I1<L'\,-‘bE§'Fd} and
several steel fingers with slnts between
them that keep the tops of the drillpipe

in place
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Drlller

L
J D> The gy_ﬁgp_{ of the rig crew crew
[{) > Responsible for thee_fﬁ_c_lﬂ
operation of the rigsite as well as the
safety of the crew and tvplcallv has
many years of rlgsne Experlence
P > Most drillers have worked their way
up from other rigsite jobs
P> He operates the pumps, drawworks,
and rotary table via the driller’s
console
»He operates the drawwoks brake
using a Iung-handted lever. Hence the
driller is sometimes referred to as the
person who Is Jon the brake’]
] Bitilling Engineering-l  Ahwaz Faculty of Petroleum Engineering Khalil Shahbazt |
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Driller’s L ;ti
Console

»A control room
of gauges, control
levers, and other
pneumatic,
hydraulic and
electronic
instrumentation

Btilling Engineering-]  Ahwaz Faculty of Petroleum Engineeri
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Mud Engineer, Mud Logger
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e

mu-l tn_i) - LJ"r":"'

& )M-lr' e of :.\j w

® !

© »The service company who provides the
- <A L ')t’i\f!(l;’ (”"‘P“ﬂf.'
i

mud sends a mud engineer and a mud
e ! L] ® y
logger; to the rig site
® » They are constantly responsible for
logging what is happening in the hole as
well as maintaining the proper mud

conditions
‘__________.———-"'

Ul?/-*/’)
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Derrickman: First Duty )., .t} o ) o' 1

[ 0n small land drilling crews, the ) i al> ) 'J‘”_,u o ¥
derrickman is second in rank to the § N
driller

Larger offshore crews may have an g
assistant driller between the

derrickman and the driller
»A derrickman has one of the most »
dangerous jobs on the rig crew =

©> Some modern drilling rigs have (J-P' diuﬂ.’ b T e |
26 Ay 1A% O - — 1!

automated pipe-handling equipment

such that the derrickman controls A D.m
the machinery rather than physically
handling the pipe
: } BhHlling Enc'neering-!  Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazi
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( Derrickman: 2" Duty
5 |n charge of the mud-
processing area during
periods of circulation

| = measuring mud density on a

regular basis .
J « conducting the Marsh funnel §
viscosity test on @ regular
basis when the mud is
circulating in the hole

J 5 The derrickman reports to

the toolpusher ,

J > He is instructed in detail by 4

the mud engineer on what
to add to the mud, how fas

and how much

Ahwaz Faculty of Pero eu Khalil shah azi

Billing Engineering-1

R

—

[ Roughneck (Floor Man)

(¢] A low-ranking member of the
drilling crew

(®| » They usually perform
semiskilled and unskilled manual

labor that requires continual hard
- ! work in difficult conditions for
many hours
@ » After roughnecks understand
how the rig operates and

they may be promoted to other
positions in the crew

Ahwaz Faculty of Petroleum Engineering  Khalil Shahbaz
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LW | -
¥ The escape device for workers on
the rig floor should an emergencv

slide, only longer and perhaps faster §
| »To transfer pipes to rig floor

Billing Engineering-l  Ahwa: Faculty of Petraleum Engineering Khalil Shahbazi
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Making a Trip (Pull Out of Hole)

»Removing the drillstring from the hole to
change aportlon of the downhole assembly

and then lowering the drlllstrmg back to the
hole bottom

> Round trip (trip in and trip out)
Gong  gibaly U el Top Fa

Cr
|_ Drilling Engineering-|  Ahwaz Faculty of Petroleum Engineering

Khalil Shanhbazi
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Making a Trip (Cont’d)

® i
() Stop the rotary, pick up the kelly until thecsonnectinn at the bﬁmm

of the kelly saver sub is a&ohve the rotary table, and stop pumping™
32) Set the drillpipe slips;break out the kellyand set the kelly back in

’ch_e:-lrra_t—hc:_lg,rE (another hole in the rig floor which stores the kelly and
swivel when not in use) s

9/21/2013

Drilling Engineering-|  Ahwaz Faculty of F~troleumn Engineering Khalil Shahbazi

Making a Trip (Cont’d)

\
T

g

e T v

@ Remove the swivel from the hook (i.e. kelly, kelly bushing, swivel
and kelly hose all stored in rathole) &l

>@Latch the elevators onto the top connection of the drillpipe, pick up
the drillpipe and remove the slips. Puil the top of the drilnl-ﬁﬁé_ﬁntil the
top of the drillpipe is at the top of the derrick and a stand (3 joints of

pipe) is exposed above the rotary table

javadfarzaneh@chmail.ir
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iviaking a Trip (Coni aj

%5) Roughnecks use tongs to break out the connection at the rotary
table and carefully swing the bottom of the stand over to one side.
Smnds must be stacked in an orderly fashion 5 >

h@ The Derrickman, on the monkey board, grabs the rop of the stand,

and sets it back in fingerboard
When running pipe into the hole it is the same procedure in [reverse |

!

Trlppmg Stands on the ng Floor

Drilling Engineering-l ~ Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazi I
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Elevators are used to Elevators |

raise and lower the
drillstring in the hole

AFQUIRES GaLY ORILE
FiPEELEVATORS TO
HANDLE o THIFJ(-

Rl ﬁl.' II'ED AND EEEUHJI_H
BRILE #:.br sr.n\-s A.us i e
usrn, . Rk e 3 e

nrrfilng Eng!ne#rmg— Ahwaz Faculty of Petroleum Engineerinr

Khalil Shahbazi

Dron Roughnecﬂ

»0On some rigs a mechanical device known as an iron roughneck

may be used to make-up and break-out connections
% This machine runs on rails attached to the rig floor, and is easily set

aside when not in use
»Its maobility allows it to carry out mousehole connections when the

tracks are correctly positioned
»The device consists of a spinning wrench and torque wrench,

which are both hydraulically operated
» Advantages offered by this device include
=controlled torque
v ® minimal damage to threads (thereby increasing the service life
of the drillpipe)
v mreducing crew fatigue

Ahwaz Faculty of Petroleumn Engineering ~ Khalil Shahbazi
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Drill Collar

b‘PT_hey provide weight on bit by gravity for
drilling ' e

They are thick-walled tubular pieces
machined from solid bars of

J dsteel Jusually plaincarbon steel)

J sponmagnetic nickel-copper alloy | )
J =other nonmagnetic premium alloys
&The bars of steel are drilled from end to
anotherend to provide a passage to
pumping drilling fluids through the collars
¥ The outside diameter of the steel bars

may be machined slightly to ensure

roundness

In some cases may be machined with
helical grooves (s iral collars” LTI 18 o
elical grooves ("spiral collars”) - Go "

filling Engineering-l Ahwaz Faculty of Petroleum Engineering  Khalil 50 hbazi

-
The Dimensions of a Typical 10000 ft
Drillstring
L e D -
Components Qutside Inside Length (ft)
diameter | diameter
(in.) (in.)
Bit 12 1/4 d :

Drill collars @
Drillpipes (5} (4.276) 9400

Bhilling Engineering-l ~ Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi J
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Drill Collar (Cont’d)

:
L
9/21/2013
f
’
-

- 4 (9 | To accurately control the amount of force applied to the bit H
J| (V= the driller carefully monitors the surface weight measured while the bit

! is just off the bottom of the wellbore (bit off bottom)

| I J| )« the drillsting (and the drill bit) is slowly and carefully lowered until it

. touches bottom

3 J ) = asthe driller continues to lower the top of the drillstring, more and
H ! more weight is applied to the hit, and correspondingly less weight is

1 " 1 = measured as hanging at the surface

4 (¢) « if the surface measurement chows 20,000 pounds [9080 kg] less weight

| than with the bit off bottom, then there should be 20,000 pounds force 1

on the bit (in a vertical hole)

J (%) = downhole Measurement While Dril
on-bit more accurately and transmi

ling (MWD) sensors measure weight-
t the data to the surface

Ahwaz Faculty of Petroleum Engineering halil Shahbazi
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». Drillpipe

@ » Tubular steel conduit fit with

special threaded ends called tool

joints o4

» One end box, the other pin

» API drillpipes of grades D, E, G, and
S: Table 1.5

% The drillpipe connects the rig
surface equipment with the
bottomhole assembly (BHA) and
the bit to

OF pump drilling fluid to the bit

@' be able to raise and lower the———

® DD

BHA and bit g =8
_...J"""'_" - il fgf |
@ » rotate the bit : - '

Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi
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{ Tool Joints
»The enlarged and 1hraaded ends of joints of
J ._) drilipipe eriy B

»These components are fabricated separately
from the pipe body and wefded onto the pipe at
J (—jamanufaciunng facility ~— lud’ s
»They provide high-strength, hlgh Pressure ey~ -
threaded connections that are sufficiently robust
to survive hﬁ*’ﬁé_js of drilling and numerous T i
cycles of tightening and loosening at threads e
d (g *»They are usually made of steel that has been mn““ e j
heat treated lo a higher strength than the steel 'l
‘ll of the tube body
P)P The large-diameter section of the tool |omt$ 2:'1 Sk
provides a low stress area where pipe tongs are
used to grip the pipe. Small cuts caused by the

pipe tongs do not significantly impaif the -/
strength or life of the joint of drillpipe O s

Biilling Engineering-l  Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazi

[Hm

D> Tool joint is in direct
contact with formation

)3 Tungsten carbide
hardfacing on the outer
surface of the tool joint to
reduce the abrasive wear

by formation A"
/&

Au‘--/

-
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_ Twist-off |
DPTorsmnal fallure due to break in the
3

subsurface drillstring

3 Needs to be brought to surface by FISHING

{
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Circulating System

W The rig circulating
system is the heart of
the drilling operation
@ »Its components are:

(@ = Solids removal system
© = Storage tanks / mud pits
@ = Mud pumps

(@ = Mixing equipment
(hoppers)

Drilling Engineering-|  Ahwaz Faculty of Petroleun Engnng Khalil Shahba
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Circulating System Functions "
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%\I I

1

B

| i
{ 1

»To clean the hole of
cuttings made by
the bit

."‘ I »To exert a
hydrostatic Pressure
sufficient to prevent
formation fluids
entering the
borehole

<

1 Drilling Engineering-l ~ Ahwaz Fdr.ulb,- af Pe'trn!eum EnglnEerlnE
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system: Shale

Shaker
@ » When the mud

returns to the surface,
it is led over shale
shakers

C\@ » They are composed of
one or more vibrating
screens over which
the mud passes
before it is fed to the
mud pits
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through the mesh
(¥} > At the same time t

%The size of the mesh on most shale

“[have disintegrated due to erosion and hydrati

ey

a Iee?hl;l pah%es whmh will not pass

(8] I’BITICIV

% The screen is designe
he screen is vibrated to prevent bli

shakers is 10— 14 APl mesh. A 10

h along each side
h the 10 mesh screen since they
on. Fc.-r'thls reason a finer

inch) may be used o
» The screens can be arranged in series so that a finer mesh

beneath the coarser mesh ., /!
‘}'Somenmesthe screens are EHTEI"IQB

volumes

nding or plugging
which would lower its efficiency

mesh screen has 10 openings per inc
»Many of the cuttings will pass throug

mesh (BD openings per
is put

d in parallel to handle larger

. =14
s
»A hydrocyclone is g
a device that :
removes large
particles from the
fluid by centrifugal
acion —
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[V'y. Desander is a hydrocyclone device that
removes large drill solids {(diameter=74
micron) from the whole mud system

@-Ht should be located downstream of the

.}/ I shale shakers and degassers, but before the
- 'i-.) g - desilters or mud cleaners _—U-’ b
o W g =1 IE% A volume of mud is pumped into the wide
i ] upper section of the hy@rocy[one at an angle
oYl > i3 ¥+ | roughly tangent to its circumference. As the

' mud flows around and gradually down the
W )15 3 ;290U | inside of the cone shape, solids are

T .. .~ | separated from the liquid by centrifugal
‘L:*If_f' %) L= \uJ | forces .
k)% The solids continue around and down until
they exit the bottomn of the hydrocyclone
(along with small amounts of liquid) and are
discarded. The cleaner and lighter density
liquid mud travels up through a vortex in the

center of the hydrocyclone.
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/ O>A hydrocyclone much like a
desander except that its design
incorporates a greater number of

J smaller cones
1t removes unwanted solids from

{ the mud system

@’)}The smaller cones allow the
desilter to efficiently remove
smaller diameter drill solids
(2micron<diameter<74micron)

[ than a desander does

) The desilter is located
downstream from the desander in
the surface mud system

[ Blilling Engineering1  Ahwaz Faculty of Petroleum

Solids removal system: Desilter —
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/| ©=produced formation fluids

/ ©> Due to environment

> They hold an excess
volume of drilling mud

> Finer rocks are settled in
these tanks

» Entrained gas bubbles
are released in these
tanks

5 Drilling fluid of these
tanks is used in
emergency cases (such
as lost circulation)

ring-l  Ahwal Faculty of Petroleum Engineering

Filling Enginee

ghalil Shahbazi

Earthen Reserve Pit { & o

O} Earthen reserve pit is an
open area near rig that is used

to ho_lg_ic_he following wastes
@ =discarded drilling fluids
®=rock cuttings

during drilling and well
testing

protection, Zero Discharge
systems are used in which

here will be no waste
Bhilling Engineeringd  Ahwal Faculty of Petroleum Engineering
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Mud Pumps
»>2.|Three-)

stroke)
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Duplex Pump

3 |n forward
movement

.

. kA pitEar
. Lk o IKVJ” LT, l
i
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»In backward
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r‘ ig isc ]
| Duplex Pump Dt 8
(Cont'd) Wy ol
» For one cylinder L-'

s
v, - = Lledi~a)
» Duplex pump has two et
cylinders and assuming i

E, as volumetric
efficiency

» Pump displacement per

cycle (pump factor)

Vo= 5 L2} =22 ),

Hilling Enginesring-1  Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazl

e

StfiFes

... -

javadfarzaneh@chmail.ir onkur-natft

Iog a.com




1 ) "‘"i.llt,' .|T|||+r'~ i "

) )
| ! 11 § | PR \'| \ P J |! [ ; z . B
(:., i"l 1 ; 1 i} { SV j-: | | qi

) j A\ l)l' ) - 'i., - il I len 4 e S ] I = 4 9;21{2013 i
‘ 3 ] § ¥ ) [} IIF" J L/ % | i - _’4}/ ) | ﬁ
HI k. o i ' / L1y e J

. ||'I. I ﬁl_'_'__ __.__-__ = -_.-___'_ —_— i
[ Rpmnmcatmg

Triplex Pump

» For one cylinder

Pl ) 8. |

V
‘;»Tripléx pﬂim has three
cylinders and assuming &4

E, as yolumetric
efﬁcnency

» Pump displacement per
cycle (pump factor)

L

.DIJ'] & __1-—-———
ﬂr‘mph't = _1"{ “‘ L }j '—g"?‘{;;"'-"

4
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e
Mud Pumps
Industry
prefers 10
use triplex
pumps

because

are more
compact

have less
pulsation
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M )'s £ = Hydraulic power , =
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LS Py € = Maximum pressure
il > o ® Maximum flow rate
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pump Flow Rate

»[Cycle or strokeijone complete pump revolution
s Flow rate: Knowing V (pump factor) angi N (number of
cycles per unit time, e.0. Etro_ke_s per minute (SPM))

¥ Pumpsare generally rated acco rding to their

of the pump (in horse power):

5 Hydraulic power output pu
i in ga!fmmior gpm

Knowing|P in psijand

L n :L_P“ " 1714

¥ 'ing Engineering- Afwaz Faculty of Petroleum Engineering khalil Shahbazi

<+“  time required cu

A
kvek 2 L @ Kick release

L -4
A S Rl 4
54 s ety N . ; =
G2 £ Cr? b (5 ."“‘*“'in)"” Vo2t s b{:' D-’.r"l:f""U

B by o
Importance of Pump Flow Rate

Flow rate is used in calculating the following
parameters

f .
Lo ‘@P Hydraulic horse power

” ©O» Geological identification of layers (the
ttings to reach the shale

shaker (Lag Time) are calculateq/ from
7 oo ead Ui b S G LS
{= annulus ’ "/'L " : il
q Joig by Tme | s Cpens T2
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! » Dry mud additives: Hopper : i
_ 0 ot |y Liquid mud additives T
1." =i = Chemical tanks using mud i
o ' jets or motor-driven agitators _
4 n = ..:"- i) ?_' i - e

| xercise 1.}5 , ,
» The mud logger places a sample o calcium carbide

(CaC,) in the drillstring when a connection is made. The
calcium carbide reacts with the mud to form acetylene
(C,H,) gas. The acetylene gas is detected by a gas
detector at the shale shaker after pumping 4,500
strokes. The drillstring is composed of 9,500 ft of 5 in.
19.5 Ibm/ft drillpipe and 500 ft of drill collars having an
ID of 2.875 in. The pump is a double acting duplex pump
with 6 in. liners, 2 in. rods, and 14 in. strokes and

jope rates at a volumetric efficiency of 80%.

Gyl o l» . L »a. estimate the number of pump cycles required to
ke B a2t move the gas from the surface to the bit
oo - G e Bhilling Engineering  Ahwaz Faculty of Petroleum Engineering  Khalil Shahbaz)
Darr
S . Scanned by CamScanner
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Exercise 1.15

te the number of pump cycles require
e to the bit

% a. estima d to

move the gas from the surfac
3 From table 1.15, |D=4.276 in

?
i
F Vte = 9500{% [%QT} 50&[2 (5%75}2 ] - 969.43 ft°
1
b

S i o S Vs 0
A 1,00 -d?)E, 5_2.{14)[2(5)2 _.gz)a.s[_%ﬂ?l:o.mm ==

= 69.4
Strokes = — V‘“‘”%@—} = ?——?i =1400
F : ft’ | strokes 0.6919

waz Faculty of Petroleum Engineering khalll Shahbazi

Biilling Engineering-l h

. Exercise 1.15

‘ P Cyde »2-7 % b. estimate the number of pump cycles required to
move the gas from the bit to the shale shaker
Strokes = 4,500 —1,400 = 3,100
on rate of the bit is 20 ft/hr and the
s/min. How many feet are drilled
tion gas expelled from the rock
rom the bit to the surface

L;ll’ \" s e

L S )
F & 4
Y 3 c. If the penetrati
shale shaked  pump speed is 60 cycle

. J by the bit before forma
destroyed by the bit travels f
- ;6‘6“’ ‘-’;0:‘/'5“—‘: o b b a»xﬁ/-*/r.rj A
,100cycles .
I = 51.667 .=0.861h :
60cycles / min e g (Yay dime }

Feet drilled = ZO-hﬁ- 0.861hr =172t
r

Time =

Wtilling Engineering-! Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi
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Al the drillstring rotates |

y u}»Rotary ary table 5
rT?Tc);;:; drive or power sww

The drillstring does not rotate

»Downhole motor,/mud
motor odiurblne motor‘.
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| é Topdrive L oo
Most offshore drilling rigs now have top

~ drive systems installed in the derrick
@-‘J‘P A top drive system consists of a power
swivel, driven by a 1000 hp dc electric
motor. -

@ W > This power swivel is connected to the
travelling block and both components run
= along a vertical guide track which extends
from below the crown block to within 3
metres of the rig floor.

@ﬂ The electric motor delivers over 25000 ft-lbs 584
torque and can operate at 300 rpm.

@Y> The power swivel is remotely controlled

from the driller’s console, and can be set

J L= R

back if necessary to allow conve ntional
rotary table operations to be carried out.
—_———

B & 4 O an _ ToEdrw_e (Cond’d)
¥ A pipe handling unit w ich consists of a
= 500 ton elevator system and a torgue
l wrench is suspended below the power
swivel. These are used to break out
ﬂ / connections.
@ % A hydraulically actuated valve below
. a the power swivel is used as a kelly cock

'f 1> A top drive system replaces the
functions of the rotary table and allows i
l the drillstring to be rotated from the

top, using the power swivel instead of a
/ @ kelly and rotary table

| B » The power swivel replaces the
i conventional rotary system, although a
conventional rotary table would
I geperally, also be available as a back up
2
—
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; | Advantages of Topdrive

Y ©b 1t enables complete 90' (ft) stands of pipe
to be added to the string rather than the
conventional 30’ singles. This saves rig time
since 2 out of every 3 connections are
eliminated. It also makes coring operations
more efficient

4 ©b When tripping out of the hole, the power :
swivel can be easily stabbed into the string §5¢" &
to allow circulation and string rotation to '
prevent stuck pipe, if necessary

I € When tripping into the hole, the power
swivel can be connected to allow any
bridges to be drilled out without having to *‘;‘,& i
pick up the kelly e

L

Procedure for adding a stand in topdrive
J 1) Suspend the drillstring from slips, as in
the conventional system, and stop
circulation

J 2) Break out the connection at the
bottom of the/power sub 5

{ 5) Unlatch the elevators and raise the
block to the top of the derrick

- J 4) Catch the next stand in the elevators,
and stab the power sub into the top of
the stand

/ @ Make up the top and bottom
connections of the stand

v @ Pick up the string, pull slips, start

numoe and drill ahead

| B
S dand L 1
el b 1S 0 r . e
k.): rffdd-"’ r‘q - I‘J el '-'"‘,Jb) r__,‘ \'.:,F {}—(‘f r@ FI' T‘_’J ‘r1‘.f U"’lr (‘!_..,,“} La ‘3-‘-“‘4

[ il -

S ey g Yia “ o : ls
Jr 3 (f=) 3] j" g}lml’ (59/r b ) 7O r_"]}—*-’"" 8 t)?/(-" A
. . 4 W 2 p— ] = .
L meusehele (28 0 Lf Wb BTys Sd & 0 . 88

_L-—!J) (5-'\_’) Ur 2 r2 | '.D S ”’f -gl_ A [ §
) e PJl_l v -
U&/“"'



r //:' It e _:"-"l/.)
g 5 rféo,u pLaGE & W St §
P ‘r(::/f/crff’o’ 2 U b o

v i
kﬁ. A.m-er""r’ L,r*'/?r"!’?‘ J At g L=
e

o e A ol crl
Y o2 A gt 4 Gt
o o) el

[
71 5o i s
il oK b OV o Ol (e

- ¢l
) 5 F"’QUG‘V’-“‘J” L

»
ol
'r

. . l"i.-

Javadfarzaneh@chmall ir Bl or-tc%?a.com



(e Y , Lo
(Pt < U ,
— = T e
3 re A (e )
O ¢eda CHive Kime
¢ > L — AT e LA
» S
T 4 ' 9/21/2013
M,
x| LR homg : o diwe LN P j
% e du O Ve e .
s © wn ¢vds 3 dia)
I
. Components
of a topdrive L
INTEGRAT
TENOED — 1
l ::nﬂnai " atoeK
BN FLEX QAL AMCE
COOLING
DUCT
I wrecnaTEn — el 0
WAVEL
QW:IZIIECK 194 1M B0 TON
FRHECTING 4 9
aToR I.IHEK(:-{S;‘[:LI\LI =] .;i:g#m
R :uun““ £t _-.- st
T
PLANETARY  [rrg l- 51| A—
DAIVIE TRAR z ) e
[ --ij / "Iur’. e : AEAC TN
-. 5" b REA
E-: pOTATIHG ___ SIrse ) “_ml,!.!,:u ’ i %
! FEEAR I & FLUIDS ! i
1 é SERWVICE LOOPFS He i
soup saor - ]
ELEVATON oy T
| | - i
I l UFFER IDOF f | e
(REMOTE) i urve
ACSTUATOR
1 LoWER 1E0P
(MAHLIALY :
== 1084 150 TON
l 1540 TOH B.P BPE LINKS
ELEVATOR
Y DAILL FLOOR
N

Comparison of rbtary table with topdrive

W ¥ Rotary table]

\)= Rotary mechanism is fixed (it does not travel up and down)

Y)= Kelly is needed. So, when adding joints, only one pipe can be
added N

™= In tripping, kelly is in the rat¢ hole. So, there is no rotation and
circulation and we have stuck pipe. We can connect the kelly to the

W string, but it takes time and numerous efforts

V On Rotary mechanism is free to travel up and down
0. Kelly is nat needed. So, when adding joints, three pipes can be
added. This causes the number of connections to be reduced and
(non productive fime (NPTJ}to be reduced. ol ;!
! "Since it can turn the drillstring during trips, we have less stuck pipe
*Turns the drillstring by one or more motors (electric or hydraulic)
Drills more difficult extended-reach wellbores
a Khalil Shahbazi
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The disadvantages of a top urive
®|»The weight in
the topside of the
rig is increased.
This may lead to
overturning of
the rig

@ | > Electric and
hydraulic control

lines must go up
and down inside

the derrick.
(5,5 s S5 > m (52,37 I Ac '{_,'L/Jff_:
)=z 8l DC Uaj}:}—-‘l (s o o , Ugrlrle « i G~ G lo,s2 Do
(! P (929 o e ¢ PETW S b o)
Rig Power System RN, O APRC R
> Modern rigs are powered by _ . : l
diesel engines (e e Qs (6| gkb e e
J‘J F?) Diesel-electric type Otet G et o oo Cdms
WL Electricity (alternating current 'T_ : e
&' @ (AC)) is produced by diesel " L ', ¢ il ¢ e el 5 S Pc
engines and by Silicon J” Bod ediGe el i AR & pete
Controlled Rectifier (SCR), the AC = & 8 = O
is converted to direct current %‘E‘: &

(DC)
‘f@ Since in drilling the speed of
E_'J / rotation and torque are not

fixed (they vary depending on :

formation), direct current is
needed because dc motors

nive a wide range of speed-
“torque combination
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> 2_ Direct-drive type | I

= Pov Power is dlrectly transmltted toi(ofary table, pumpsj
etc. by usmg{gears) ch&ms belts) and clutches g

B Rig Power System (Cont'd) l

48 W EE o

!
vect -Anve
» Comparison between two systems ( Dieser-
& = Advantages of direct-drive type .
bl o P s e— Lower intialcost]

n i » Greater performance by usmg hydrau!ic ( oil) dmi;;_\_! |
| »f Advantages s of - diesel-electric type ]
J[w S m Simple control system r”‘ Ui ‘i/-"' ‘

e s | 5 gt Flexible cnntroi system
= Mmrmurn shock and vibration problems

—— ——

ga) [.-—-I

IE -
-
(R
'
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| Control System
v > |t prevents tmaWuE:!Jnt%Igd ﬂEw of y M P La )/ D)

formation fluids from the welibore—» %«v ma tow L *
into the wellbore v o= /«~J s LJ_ /m‘ i
(® [*Kick]If formation pressure is greater | 1% _.»ﬂ)m 10 QJ[:.- f .-:9-:’(‘_:’6-“ L
than the pressure of the drilling §VEE
fluid, it causes the formation fluids
(oil, gas, water)to enter the wellbore
[Kill] To control a kick or to stop and ;
prevent flow of formation fluids into
the wellbore
>iBIowaut:iFiﬂure to control a kick
= Oil and gas flow on the rig floor
= 0il or gas may be ignited and lead to fire v lZ O
which may cause loss of lives and :
e'u_l‘Ement damage to the environment

and the loss ofm! I gas reserves
Dl mg‘EI?m Petroleum Engineering  Khalil Shahbazi
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oL ”’T Sy gt © How Does a Kick Occur” Wbpoherts
| ~” . B~ e &

oo J >®Underbalanced Kick —— - e e

FRISECS T \ ) » Mud density is suddenry lightened Ve “‘fﬁ = M -y

" Fek Op A formation that has a higher pressure than predicted 1‘!:’}-’

wikede) 5y has been encountered.

JF{\Incﬁ]ced Kick
® Dynamic and trans:enl__ﬂL_u_d pressure ¢ effects, usually due
to motion of the dnlistrmg or casing, eﬂ‘ectwelv lower the
pressure in the wellbore below that of the formation
Y _— e e "
Cotf Casipyg L locm GR ab 2 (37 (5, 6 b 6 de L 5
DFill g Engineering-1  Ahwaz Faculty of Petroleumn Engineering Kharnl Shahbazi
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Induced chk e

? (154 3 (|o/l &~
T L,| {. oy £
Dtopngo) O bRl 02 o

(_:__mlf__,__, % i p s
Kl (Y i
® Avaccum pressure is created at the thtOﬁn: " b=

1 which is called (swab pressure |

v The faster the pipe removal, the higher the
chance to have a kick 0

= drilling fluid level drops causing the pressure

of drilling fluid on formation to Eiecrease
—_— v makeup mud is added by

aEentnfugal pump |
-——)f Trip tank: to__@ﬂt_or hole fill up volume

I—Hr \
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* induced Kick (Cont'd) /|

> Hls

/% A. When|tripping in |
= An extra pressure is created bel

called =_'s'_'l,_1_rgé_;iré ssure,
= The higher the pipe movement

ow the bit which is

_the higher the surge

pressure

= Surge pressure causes the drilling fluid pressure
exggegthg__fr@tgfé_ﬁgis@'re_cﬁ the formation and the
fq_rr_n_qt@_t@e_fractured . S =

« |n a fractured formation,
(drilling fluid to enter into the formation) which leads
to decreasing drilling fluid level and finally Kick

we have lost circulation

Bhilling Engine =ring-| Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi |

. |

Well Control Systems Functions
> ()(Detect the kick ) .-
P@ Close the well at the surface with pipe in or out J& 7

o L Y, Jnt - »@) Circulate the well under pressure
)‘P@ Provide remote locations to actuate system under

_.' -
_ \:f"'bilur G«‘*‘/emergency situations
e J@ Accommodate maximum expected pressures al’
r;_,ﬂ.u Jrs J »(6) Move the drillstring under pressure (strip in or out) T - Lo~ o
pe’ P ‘P@ Divert the flow away from rig personnel  — L VLG
/-.-a-J_S'E . LL _.‘\ 3 F g ﬂ . ,_‘ : s
"“’”-""’"’f""/j” Ws gl e 67 ox (5!, L_ng\
=

J-;J o, e C.—u},,s),rijufpt

" - ®
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ot ok v 1. Detect the kick
i | -
G JL U‘"‘u J' Mechanical devices such ad pit Ievel md_lcatcrs or{mud
' {wol!-J - G2 flowmeters which trigger off alarms to alert the rig crew

L ATRT [ that an influx has taken place are placed on all rigs
= There are many signs that a driller will become aware of
when a kick has taken place. The first sign \ that an kick has
taken place could be a sudden increase in the Ievel of
mud in the pits.

{= Another sign may be mud flowing out of the well even
when the pumps are shut down (i.e. without circulating)
= Regular pit drills are carried out to ensure that the driller
and the rig crew can react quickly in the event of a kick.

Ay

L_J_M,!'r.-‘/ U,L.w (5-':-; Oy) )l {-_:‘-';‘ OHrUL d[‘:"l

-

2. Close the well at the surface

* The fluid can reach t_he surface from either 3 |
@ Inside the drillstring:)There are two valves inside the /
drillstring that do not let the fluid to flow to the
surface. They are ¥
ﬂThe valve above the bitj{a non-return check valve)
g...—"‘@'g\ v"KeI]y valve orlkelly co;:)(msnde BOP) , 7
‘_'_____———--—

¥In the annulus?iThe most difficult section that needs

special attention. So, BOP stack is required which is a

series of| rams”]that can be hydraulically closed around
pipe or on the open hole to prevent fluids from flowing

up the annulus

| Uhiling Engineeringd _ Ahwaz Faculty of Petroleum Engineering. Khall Shabba
BoP sdmck tullil LUl Apuus Gamil € J/(_ﬂrly@
(150 e BU/,,H c’.’:nrfr’)w'n.--d—é Yam e 1
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J[2) Close the well at the surface (Contd)

> Dn]land rigsjor fixed platforms, the BOP stack is located
directly beneath the rig floor -

JHEFGF@D re ri_gg,‘ the BOP stack is installcd on the sea bed.
JP In either case, the valves are hydrauhcaflv Uperalt d from

T e

the rig floor.

_

A

Blowout Preventers

»1/Ram _pjgre_mgsﬂtuyo opposing elements that
close the well by moving to each others
- [Pipe rams]they match the outside diameter of pipes
=(Blind rams]they are closed when no pipe in the hole

={ Shear rams} Blind rams that shear the drillstring when
GEOSEd = e A

Control fluld
cireyit

€
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blowout F’reventers
BOP)

M 2 Annular
preventer (bag-

type preventer or

Hydril (the name 2
of the company)): e
a ring of synthetic o
rubber that
contracts in the
fluid passage
» Other names:

-8

aE . =

(S

A UUMJ@.‘} UFL./‘L:'L‘ sl Lo

o [ Pi ipe R Ram S l
J - \._':.&-J
» A sealing element with a half- mrcle hole
on the edge (to mate with another
horizontally opposed pipe ram) sized to fit &
around drillpipe
» Most pipe rams fit only one size c ora small
range of drillpipe sizes e

J > They do not ¢ ciose properlv around

L » A new style is the variable bore ram,

g which is designed to properly seal on a

wider range of pipe sizes M&
0 J--:l ,-JI Lv la 19 Yam e i [ = %

G G 3 Py Ao 5 ﬂfi_:,la,_.- '.:._,uljnj.m,:_.',(_ﬁ, @
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Blind Rams

4| »They are closed when
no pipe in the hole

> If they are closed with
drillstring in the hole,
they will flatten drillpipe
but will not stop the flow
fromthe well

(. I. d ; - — v , ! Q:\h&,‘_q‘f
o ‘-J-' ()')‘ -y /f’ J’I 7 I-L". l‘_) l_,.')J ‘,J p I |_") I{.-:_Af G -I‘_,f. = I (_,J j N et
bso s £ L. A/’_{ L; Sheay Yam 1 o 5l ey

‘-“.- ! (s ¢ (} & ,r (L #
7\ ,_)_'_flu(-f y b |

Shear Rams

rams and annulaujre\f'enters

fail (last resort) o ok 0o
/> They may drop the dril]string

in the hole 3
JF-"A set of pipe, or hang off )

| ramsjmust be placed below
the shear rams to prevent

the strmg  from falling \

5"‘&;{ "rqm;'.’ 2 "“’- \“‘"v“f} "’Eg Tam § ('{""’p

)j..w C}'{Jj}b r)’j ~ {)"”ﬂ ;_,,...-, U,L)'I;‘ ks @
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- |
Annuiar U—lyarlu b!owout Preventer

‘ »[3‘» The sealing element resembles » ,_J.,wl. 2 U‘/""’Or
g bl a large-doughnut that is BT g
' mechanically squeezed mward
to seal on either pipe {drlll
cr_:-liars drillplpt}casmqor

or the openhole

¥ It does not prevent f!ow

( tool j Jo'lnts,.and spiral dnlt)

Lcoliars
” Anwnu lay r._;;'_', > Advantage of (anrlt_ll_ar tw,.-pe_"I |
C:b ¥om a nverram tl,rp@' tosealon a
warlety of pipe sizes
AR o9 oo by Lglr ¢
ETAS FA

Annular (Hydril) BOP (Cont'd)
» Most BOP stacks contain
= at leastfone annular BOP at the top of the BOP stack

'@EJOI'(_OTE ram—ty;;apreuenters below

Ulns annulay | 3 Fven though Annular (Hydril) BOP seen not as
U‘""”L:)'( reliable in sealing over the openhole as around

tuhulars the elastomeric sealing doughnut is

/11/4 L required by miﬁcatmns to seal adequately

over the openhole as part of its certification
sorb process

Javadfarzaneh@chmall ir
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BOP Stack Combinations ,
;}r"w

\_\

% Classification based on International

Association of Drilling Contractors (IADC)

» Duty working pressure (psi) stack

» Light 2000 2 rams or 1 annular

¥ Low pressure 3000 2 rams and 1 annular ! 3

b h&:&ium pressure 5000 2 rams and 1 annular

¥ High pressure 10000 3 rams and 1x5000 psi annular
» Very high pressure 15000 3 rams and 1x10000 psi annular

Billing Engineering-1

Ahwaz Faculty of Petroleum Engineering  Khalil She bazi

BOP Stack Configuration
L|_'}'l:|w::m
="

- » From top to bottom:iAnnular,

pipeJblindfpipe

Mpdrenures o —

Bind ramz

Ytilling Engineering-l  Ahwaz Faculty of Petraleurmn Engineering

Khalil Shahbazi

javadfarzaneh@chmail.ir
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2 ~ An Example of BOP Stack
* »Alpipe ramito close on%ﬁ-m\dlameter
drillpipe

! % Another pipe ram\for 4;1/2~in.1i drillpipe
. J »ABlind ramto close on the Up_enhole_
/ %A shear ram that can cut and hang-off
the drillpipe as allast resort] . 1074

J »An annular preventer or two on the top

of the stack

BOP Stack

e Sk
javadfarzaneh@chmail.ir
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3, Circulate the well under pressure (kick release)

[Ef e

1% To remove the formation —L ’ (mChock\ine : o
flulds now trapped in the RRX!
annulus, a high pressure . w4 | " _J - 335
circulating system is used A r:'__jrj =¥ IR
I | »Flow is circulated based on ( “ﬂw' ) j{l ﬂu . L .I:("
one of the following methods ﬁ !--J. 1 L’IL"F Z :[ _[ J r -
v=  Driller's method Y]
(' J,:ﬁ-‘ \ "« Weight and wait method :! ......li " j”- Eﬂ HHP;[HI :[H] gk Lug
ol " o Volumetric method L— iy f.-'.@_ s
l'( l-( '|.( ( J;I(Z., I" =+ PBullheading method [ _I{ofrm ] [l'[[?ﬂ’ﬂ—'
' » A choke manifold with an . =3 T
\+ = = |adjustable choke is used to | I}'HI'Il '1( @W
_‘l- ol 3 = |control flow rates during the gl rnacsn

circulation.

»Heavier mud must be
pumped down the drillpipe to
control the formation pressure
and the fluids in the annulus
circylated to surface,

3. Circulate the well under pressure (kick release)

Case | lThE drillstring is inside the
hole
J »Heavy mud is circulated slowly
J|from the inside of the drilistring

> As the Kick starts moving up the
hole, the choke openingis

' restnctep to hold enough back
pressure on the formation to oo
J [prevent any further influx L
»The fluids are circulated out via
the(choke Tine,)through the(choke] !
manifoldjout fo a gas/mud
separator and a flare stack.

J | »Once the heavier mud has
reached surface the well shnuld
be dead.

J | » The BOPs are opened and
drillrg is resumed

i
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A Clirciilata th

-

@ﬁe_lljﬂhe openhole is closed or)

the shear ram has cut the string

J (no connection with the pumps)
»The heavier mud cannot be

pumped from the kelly and inside
of the dnllstnng

J »In this case, the heavier mud is

pumped and injected from thel kil

manifoldjand kick is circulated out

l}'rm'n n choke manifold.

J |»In orde order to pe perform the well

j ntrol techniques exactly
*  We need to have  various drills

: J (pit, BOF, ..) o
* Personnel shnuldh
certificates such as IWCF}

(Interational Well Control Forum)

1.+ which is valrd for two years

—_—

WELL CoNTROL: SYSTEM. P

Well control s stem

prewew |

1 RIG FLOOR MUD MAHIFOLD
2 JNSIDE Bop i
-3 BOP STACK

4 ‘THOKE & KILL LINES.

5 CHOKE & KILL MANIFOL D:
& BOP ACCUMULATOR

7 BOP CONTROL MANIFOLD

javadfarzaneh@chmail.ir
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Rig Power System

/ » Main power consumption systems are
-{rkloisting system | ‘\ . S

g Circulating system \ e

J »In topdrive, both systems may work
simultaneously. But, in mt_:;z_s:y_d_r_’slling using
kelly they are not used simultaneously

/ » S0, topdrive needs more power than kelly
system for the same job (one of the
disadvantages of topdrive)

| -

Rig Overview

> Atypical drilling or service rig ; 1 -
comprises of: anVige
4 aer
= Hoisting system
Ju Fluid circulation and
storage systems

N = Rotary system

/u Power supply

Yu Well control system B

/ u Well monitoring system
Ahwaz Faculty of Petraleum Engineering Khalil Shahbazi
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Jbwe require to monitor the §
| well constantly
=W ) s 4ol 7o detect problems)
oty o= For safety |
" For efficiency |
@k 4l \ consideratio‘r’ts
J we need to have two

P | types of instruments

| fi b T | — =
| Qw2 "G99 )= -Sensnrﬁlnstalled in the

A< - P proper place to measure
¥ r» t the property

Well Monitoring System I &4

IR = .
) o S| u(Gaugesfto show them
¥ A OTIURE Engineering-l  Ahwaz FatlU' v of Petroleum Engineering

1 Akt el

ghalil Shahbazi

TS Aauye 4‘3

» Depth

» Rate of Penetration (ROP)
¥ Hook load

> Rotary speed

> Rotary torque

» Pump flow rate

» Mud density

» Mud viscosity

» Mud pH

» Mud temperature

» Mud salinity

» Gas content of mud

» Hazardous gases (as H,5)
» Pitlevel

» Return mud flow rate

PRSP E

I Drilling Engineering-l  Ahwaz Faculty of Petroleum Engineering

& Parameters That Are Monitored

Khalil Shahbazi
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Parameters That Are Monitored

% In directional and horizontal drilling
y Jo

f : =1 : ; ! .
(= Inclination angle:{The angle relative to vertical direction (0 for ==

ugiiggl_mg and 90 for horizontal drilling) o
J [ Azimuth]The dockwise angle relative tonorth — (5G4 b) (hlew v (2 ),
»{These angledcan be measured by measurement while ' '
drilling (MWD) tools 8~ ,» ) G il
WY w1, _I\}'Iud‘pui-se-téleﬁﬁ-étrﬁ-echniques:ﬁa pressure pulse from )
downhole is sent by the liquid drilling fluid from the inside of
drillstring in the opposite ;I_i_rectian.ofﬂuw_ami it is received at
standpipe and interpreted as a measu red parameter at surface. If
the mud contains gases, Some errors occurs in the parameters.
@ _.J—'a‘J = .fé:gﬂgﬂ?;mééqu'iqt_iéb}ﬁﬁi_e_ﬁAn electromagnetic wave is sent

, (4ot

&

through the formations and is__r_ecii\ie@}g a receiver at surface.

Khalil Shahbazl

I M @@it}r_mggewces
»>(1)Driller’s console:|Some
parameters such as(speed))

[torqueyand(WOBare
shown by gauges) Al the
rigs have these driller’s
console. No records from
the previous amounts.

J 2. G_eql_c:_g_@gﬁ_ﬂ?ens are
used to record some
parameters such as{pump i
pressure,)and :
paper. It is located on the
Tig floor. All the rigs have

geolograph
tilling Engineering-l  Ahwaz Faculfpa

javadfarzaneh@chmail.ir
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s Febsi

Monitoring devices(Cont’d)
H 3. Mud logging:)A centralized
well monitoring system that is
housed in a trailer and measures
and records all the drilling

- | parameters with a high
_resolutlon (in a fraction of
seconds). This is an extra service
and it is used in some rlgs The
oil company should pay money,
if it wants this service. So, this
service is good for the locations
that more information is needed
from the formations (e.g.,

Lexploratlon and(appraisal wells}

Dhilling Engineering|  Ahwaz Faculty of Petroleum Enginecring  Khalil Shahbazl

Rig Layout

AEMOTE aLdwouT

FREvERTAE 5TL e
AR ALELmLLAT OB
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-Circles: First (the smaller circle) and second safety narimatare

—
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Other components of the drillstring

o |

I'»Heavy-weight drillpipe
> Jars

JPStabilizers

/> Reamers

J »Various subs
® v'Kelly sub
© vBit sub
(? vShock sub

©, Cross-over sub
J swivel Suy
Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi 1
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Subs|(substitutes)

> Subs are short joints of
pipe which act as
crossovers (i.e. connect
components which
cannot otherwise be
screwed together
because of differences
in thread type or size),

e.g., bit sub
: ) s dvivgiar L1, 5
connection =
Rolody pin = =
S ).,U,::; des

javadfarzaneh@chmail.ir . nner
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Drilistring \Components
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|_ Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering ~ Khalil Shahbazi 3 i

Drillﬂ@ C!assification

» Grades of drillpipes
- API steel grades for drill pipe

Steel grade Min. yield [psi]

Max. yield [psi] Min. tensile [psi]

E7TS
X85
G105
S135

75,000
95,000
105,000
135,000

e el s = A
1_ Ly COgiesing-1  Alwas Facdily uf FelGieun Siginss g

105,000
125,000
135,000

165,000

()

100,000
105,000
115,000

145,000
X

e ] .
P g DT sl

javadfarzaneh@chmail.ir

Scanned by

o2

nkur-naft.blogfa.com

Al UGl O A B B E L - T B B o) oD =e




.

J "‘-J'"""fJ/"’(J yeds & ,)m-) [/,w,)[j'lﬁt/_,-b

| A
‘ frj,!.:') {J pu—"p ((}C /I.,JL),L__J..-) {_j !'_‘,1 DLE 'i:) _}JI ‘:)-J,:...._'J r’w i
L, e b dNOllar 2 520 L"“?11.*21!201'3,

;' ])—1—: ,__._/“‘ f)‘“

l [ [ ‘N ey Pre
— }"”.r_s’f)f)(/_._-'z}ﬂ"-’“—"’ f){ _’ l[}"’("z)U 1o pipr

Ty, B
] (Q Drill Pipe Classification (Cont'd) |o~7 ey Seat L

P-“

. (o' oy \eg
» Non-API special H,S steel for drill pipes i o
B vt e 2 e g jso 9 ey et 3 (5 W 4
: . 5 " v . ] - 'I i :_. | .
- Steel grade Min. yield [psi] Max yield [psi] Min. tensile [psi] .:Oﬂ : ArX E? :
s DP-80VH 80,000 95,000 05000  ofiw s A oo, IS
DP-95 VH 95,000 110,000 105,000 et Bk
-— 27
2 MW-CE-75 75,000 90,000 95,000 S g
MW-CX-95 95,000 110,000 105,000 ,..:.I{;U L) siuck §
" & f%} CT 1,.. L pme U:”
(ol W sat o ke o A o) ] e o o
p Drilling Engmee;ng -1 Ahwaz Faculty of F'f‘pleum Engineering  Khalll Shahbazr ! # h‘“

n(_f.;,—ggﬁ-bl StabiiZer J C__,,,_p&.' 13 (ol y Seat (}C-u,b’y{( s‘«fqb. -
-)LAJ/)—JFM)&']('JL_‘;JM)J U,...,,LJ(,—’UI/-' L.OJ_..E

| el

Length of One Drill Pipe B

»API ranges
. Range 1: 18 to 22 [ft]
. Range 2:| 27 to 30 [f_t]]
. Range 3: 38 to 45 [ft]
»Range 2 is widely used

) &=

Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazi
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or Heavy Wall Drill Pipe (F*""”";) -
LHRwDp/ ;
J|» They are put between drill : ;

® Terw bn Four

pipes and drill collars KL =
J|> Outside diameters ranging LI \ |
from 3-1/2 [in] to 5 [in] -
@ W) J :»Ths_ey_are used to reduce the i
sharp change of cross-area
from drillpipe to drill collars i =

which otherwise leads to
e fatlgue failure

Drrllmg Engineering-1 Ahwaz Faculty of Petroleum Engineering  Khalil Ehahbﬂl

H ablllzers

&l /‘G) J|- Stabilizers consist of a length of §
/ pipe with blades on the external §
- surface B\

J"")/@ J|+ These blades may be either I

straight or spiral and there are %
numerous demgns of stab|l1zers
poy

on to the body of the pipelor
mounted on a rubber sleeve :
(sleeve stabilizer), which allows

the drillstring to rotate within it

« The blades can either be ilxed

3

1.

i

3

\

_ 3
ther Drillstring Components b’
]

4

I B

i

1!
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| Stabilizers
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Functions ¢f Stabilizers in Vertical Wells | o i /)
o® J » Reduce buckling and bending stresses on drill ¢ 1. Gy
collars N )/::.r; "’ iy
' { ¢ L
© JP Allow higher WOB since the string remains Q¥ O At
A}-¢ “concentric even in compression . s Key Sent

J‘P Increase bit life by reducing wobble (i.e. all three : /
cones loaded equally) - —

» Help to prevent wall sticking /
Key seat placed at top of collars

> Act as afkey seat)wi

903 Le_j
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Roller Reamer
J » A roller reamer consists of stabilizer blades with rollers &

embe'a'd’ed info surface of the blade

V3> The rollers may be e made from hlgh grade carburised steel or
‘ have tungsten carbide inserts
\ J » The roller reamer acts as a stablllser and is especially useful
! in maintaining gauge hole =

W > It will also ream out any potential hole prob!erns (e.q. dog
Iegs key seats, ledges) ¢ T e
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Shock sub (vibration dampener)

J » A shock sub is normally located above )74
, the bit to(reduce the stress]due to

e bouncmg when the bit is drilling through
o727 T hard rock

»The shock sub absorbs the vertical
vibration either by using a strong steel
spring, or a resilient (elastic) rubber
element '
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1741 »>Hydraulic jars are activated by a straight pull

AL
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Drilling Jars |
} »They d'_elli{fer a sharp blow to free the pipe if it
becomes stuck in the hole

and give an upward blow

2 »Mechanical jars are preset at surface to
operate when a given compression load is
applied and give a downward blow

\drill ¢ COHE

Drilling Engineering-1 Alwaz Faculty of Petroleum Enginsering Khalil Shahbazi1z

..~ Drillstring Desi

e 5 157 ey

»>There ate four basic requirements which

must be/ met when de3|gn|ng a drillstring

‘[Q = The burst, co!lapse and (['enslie strength of the .. &
drillstring components must not be exceeded u

© = The|bending stresses)within the drlllstrmg must be
minimized

J® = The drill collars must be able to provide all of the

weight required for drilling

| ® = The BHA must be stabilized to control the
«—direction of the well

Driling Enginesring-1 Ahwaz Faculty of Petroleumn Engineering Khalil Shahbazi14
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Design of a Stabilized Strlng

> A drilling bit does not normally drill a vertical hole.
. This is parﬂy due to the forces -acting on the strlng by

sloplng formations

J > When the s!oEe (or dip) of the beds is less than 45
degrees the bit tends to drill up-dip (perpendzcurar to

I the layers)

L}f};"?] Gr* > If the dip is greater than 45 degrees It tends to drill

; parsls) to s layeee o

/% In hard rocks, where greater WOB is applied, the

resulting compression and bending of the drillstring

¢ ,
s~ thfl

may cause further deviation A
‘ Drilling Engineering-1 Ahwaz Faculty of Petroleumn Engineering  Khalil Shahbazi1s \'
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DeS|gn of a Stabillzed String (Cont d)
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Design of a Stab,.lz

rTh:'e are two tec
or cont trolling ﬁc.za"_lc_n

_____,‘___,_,-——

‘ Packe ole assembty

Design of a Stabilized Strmg (Cont d)

| /3{Z)Pendulum assembly: The
first stabilizer of a pendulum
assembly is placed some
distance behind the bit. The

unsu E;_)gr’ted section of drill

w!lar swing fo the low side of
the hole. A pendulum
assembty will therefore tend to
decrease the angle of deviation
of the | hole and tend to produce
a vertical hole. This will tend to

reduce dewaﬁon e .
gr:r:—rgEn;.merng— ez Facity of Pefroieum Enginessing iCnail Srandas 3

P————————
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Some typical bottom hole assemblies

- LY
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|

Bending Moments in String Design

> A useful parameter when considering bending of the
drillstring is the section modulus =| I/C )

64

J)> Where | is Moment of Inertia ‘I = i(d: *d;)
J t=3
» C is External radius of tube (d,/2) £ P

|
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Bending Moments in String Design (Cont'd)

¥ > Field results have shown that if the ratio of
section modulus between various string
components is kept below 5.: 5 the fa||ure rate
is reduced

J‘-f In larger holes, or more severe drilling
conditions, the ratio should be kept below 3.5

J)—-Tl'lese guidelines will eliminate abrupt

c changes in cross sectional area throughout

the drillstring

Drilling Engineering-1  Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi~1

Neutral Point==/~¢™ 7"

J » When the drillstring is lowered into the borehole

- the total length of the clnl!stnng is under tensmn
due to its sownweight 2«

. the weaght is partly countemmm_rlgzgg by the

buoyancy

[l JIs To drill a well, the rock beneath the bit has to be
destroyed partly by
I . welghi on hit (WOB) which forces the bit against the

. rock
"', . the lower part of the drill string is set under
compression, leaving the upper part of it still under T

i tension I
Tensieon
Mewtral o [
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Neutral Point (Cont'd)

» According to Lubinski, the neutral point is
defined as

. Point along the drillstring where it is divided
into two parts, an upper part b be_ln_g suspended
PP Py from the elevators and 1 which is underitens:on;

Al as well as a lower part that generates the

appropriate WOB and is under cor_r!prassioq_'
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In
Compression

» Due to high
length/diameter
ratio of drillstring

. it has a tendency
to buckle
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Length of Drill Collars

» To reduce this buckling tendency

. The drillstring is designed in such a way
that the neutral point is located inside
drill collars.

. This design criteria is often used to
evaluate the length of required drill
collars

o I, dri\y GWVeay 0
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Calculation of Neutral Point

> |, [ft]: distance of neutral point from the bottomn of the hole

> WOB [lbm]: weight on bit applied L
- » W, [Ibm/ft]: average weight in air of the tube per unit Ienﬁ;th

> p.,[Ibm/ft%]: average density of mud v

> A, [in?]: cross-sectional area of the tubing wall = ™ e=Y, )

olu® Cattim”) e 5 o [Ibm/fi’]: density of mud in the annulus v

> A, [in?]: area corresponding to tubing oD—-» %Yy )
> p; [lbm/ft®]: density of mud in the fubing ———> E.f s 5=
» A [in?]: area corresponding to tubing ID — WY,

Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi
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Calculation of Neutral Point

J:v In the absence of mud (drilling with air as
drilling fluid)
I =WOB/W, |

> In the presence of drilling mud

®. |, =WOB/W, — py.A/144)

» When differential pressure is considered as

well
. |,=WOB/(W,- p..A./144+ p.AJ144)

-3, - &
rigu -
Drilling Engineerinn-1  Ahwaz Faculty of Petroleumn Engineering
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Drilling Techniques

o0,
. e

> Conventional or overbalanced drilling 4% .. |L, [
= Drilling fluid pressure is higher than reservoir pore
pressure (s '» d s eyl P, S A2
= Drilling fluid invades into the formation: formation
damage L)J;’U:(r:f‘.ﬁok’?{;l"r‘)' Gl ) #"J-;;U):Jr;f_ A [
» Underbalanced drilling (UBD)
= Drilling fluid pressure is lower than reservoir pore
pressure
= Formation fluid enters the wellbore: A continuous

=

kick
Uriling Engineering-1 Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazizs )
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Conventional versus UBD
» Drilling fluid weights for both techniques
. i = —
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!f'# | £ Functions of Conventional Drilling Fluids
e »Major functions: to keep the existing well —> whe d(@“'fdi L,

o Control subsurface pressure —s—» pj Lo d L., /L:-,__j,d.}
.I" * Cuttings transport — 3 Cu %H:-._, d
= Support and stabilize the wellbore -

J » Minor functions —— gl DIt
0. Support weight of tubulars s
* Cool and lubricate the drillstring
® Transmit hydraulic horsepower to bit
* Provide medium for wireline logging

® Assist in the gathering of subsurface geological data and
formation evaluation

@ ®* Cool and lubricate the bit
Drilling Enginearing-1 Ahwaz Faculty of Petroleum Engineering
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i Control Subsurface Pressure }

—

Ll » subsurface pressure is controlled by mud
(s '« & {0, 4> hydrostatic pressure
5 » Mud hydrostatic pressure, P,=0.052(MW)(d),
where P, is in psi, MW: mud weight in pounds
per gallon (ppg), and d: depth in feet
» Failure to control subsurface pressures ______
» Kick

= Blowout

J *?“":' & (_j/"‘

B G LD Wl L) e Sl B e e

o ; L ™ |
i | . g,_wldmﬁ,;pftj,rﬁ, ,_h,,.,;’_,);

" | Cuttings Transport i
e _ \} Fluid flowing from the bit nozzles
i exerts a jetting action to clear cuttings
L from the bottom of the hole and the

.- bit

I @}‘-' Pressure drop across the bit is almost
50 percent of the pump pressure. This
causes the fluid velocity in nozzles of

(8010 150m/s § > o
If the cuttings generated at the bit face i}
are not immediately removed, they '
will be ground very fine, stick to the

bit and in general retard effective
' penetration into uncut rock: bit balling
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Factors Affecting Cuttings Transport

»Velocit clc-clt} | increasing annular velocity: generally
improves cuttings transport. Recommended annular

(leuty 25 to 3 0 30 m/min for hard formations and

(=r—

aD to 40 m/min ﬂ:)r quﬁ formatlons Var:ables mclude L ===t
N— S e - l p— T_—-—'I"‘ / ) ' , ) .I » -
R, U= S J " pump output (57 @ s~ os l“' ;7 oA x_z"‘,j“”‘.{}_ Crlr s ,

i s = borehole size ke 2 ol S 1 T I o) o= |
Iv. N P T M u._./-‘/—"-'l"f ) & b _y“-’* .
3 odiw el ; . . / & :

A J drillstring size . 1'- LlabsS ¢ % Ll L

@" )‘{Dens&ty increasing mud density increases the carrymg
capacity through the buoyant effect on cuttings

@ >(V1scos;ty.lmcreasmg viscosity often improves cuttings
removal
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Factors Affecting Cuttings =~ PR @
. e U x:'i‘ ; ‘
Transport (Cont’d) C e Y

(572 6%
€% Pipe rotation: it tends to throw cuttings into ke :!C

areas .of high fluid velocity from low | el g 4 o) i
velocity areas

‘oWl (o)
®>Hole angle] increasing hole angle generally = (f“'. L

makes cuttmgs transport more difficult GF G Ul (2 G 1205 10) |

S
s Costs of drilling fluids = 10% of total costs of
constructing a well
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Cuttings Transport (Cont’d)

0 » At the surface, the drilling fluid must release
the cuttings for efficient removal
() > Failure to adequately clean the hole or suspend
drilled solids causes IR P W @
) 5 = hole pack-off p CabbingJlole s s gl « 27717 el
(v = differentially stuck pipe —» e e S Gul ®
©) = inability to reach bottom with logging tools )
{ Gl &)

'{rd.'» LJ'- l:__..--"-“v'i/' IJ- o i: ': " 1‘-'\_}5}-!". p’,-r‘:_i (. ,J_,

@
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Drilling Fluid Composition
» Continuous phase, base liquid, external phase:
water, oil, synthetic oil
» Additives

* Liquids: oil, water
= Solids (clays)
+ Active solids: they react with water and dissolved
chemicals as bentonite
< Inactive or inert solids: no reaction with water and
dissolved chemicals as barite and calcite
» Chemicals: they restrict the activity of active solids

as surfactants
[ Drilling Engineering-1 Ahwaz FFacuity of Felroieurn Enginetiing  raam Shenoan 5o
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Drilling Fluid Composition (Cont’d)

»In oil based drilling fluids
= All solids are inactive because they do not
react with the oll

Drilling Engineering-1 Ahwaz Facully of Pefroleum Engineering  Khalil Shahbazis?

Drilling Fluids for Conventional
Drilling

» Water-based drilling fluids

s Oil in water emulsion (direct emulsion)
» Qil-based drilling fluids

» Water in oil emulsion (invert emulsion)

» Synthetic-based drilling fluids

Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering Khalil Shahbazizs
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(;hapter 4: Hydraulics

» Well Conditions — # Ly oy Sl b @5 1
4 ()= Static condition in which both the well fluid and
drillstring are at rest
¥) m A circulating operation in which the fluids are
being pumped down the central pipe string and up

/ the annulus
O A tripping operation in which drillstring is being
, moved up or down through the fluid )
(ot - . = d
(;.;.f)f,ztﬂ'f -{-';'; Ty, p eul . Trip in f(;r._.,-,,

= I{. L)‘( . .
e Q "(a ¢ Prilling Engineering-1 Ahwaz Faculty of Petroleum Engineering

sl 7

I AT ] o Hydraulics
:.:nswf*%h-“"_ﬁ[ : ;
it I‘PThe physics of the fluid flow in the
B S \ wellbore is complicated fenly

) rwu.'-d'/g- i ~ = Drilling fluids are non-Newtonian — e :>-',~» It d.'“_
Lo lg = Transport of cuttings
gy f}/‘w‘:k’b . Transport of immiscible formation fluids
SG e "“" ' [I; = Cross-section area is variable
e i ¢ dp - ¢ ) e G o)) ), skl

Q o (._’—'\a"ﬂtdL/‘f(_—wc : 0
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Static Conditions

» For a liguid drilling fluid in a well at depth D

P,=P,+pgD

SI wunits

P.=P +0052pD  Field units

R

%
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Buoyancy

» Upward huoyant force = weight of displaced

Lﬁo }’_'J“V .'Om t

P, mz._ra' cfenﬂf_]r Ip steel dumry 6“: ‘if!;:rﬁffu!—fig[ﬂhn_rf_ﬁ_lj
Gmpletel ¥ SusPen

IE_'[fEfc.Ehre Weight: W, = H'_ F*’EJ! —»

»W: weight of drillstring in air
= oue Yan( y "?'ﬂ&fn'f
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J/ Exercise

{>m a vertical well, the drillstring consists of
10,000 ft of 5 in. , 19.5 Ibf/ft drillpipes and 600
ft drill collars with 10 in. OD and 3 in. ID. The
density of drilling fluid is 13 ppg. Calculate

‘/ > a. the maximum force exerted on the derrick

j‘ﬁ*b. the maximum stress in the drillpipes

{ » c. the maximum weight on bit

» d. the maximum stress in the drill collars

Javadfarzaneh@chmalllr
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Chapter 5: Drilling Bits /

» Everything on a drilling rig directly or

indirectly assists the bit in crushing or cutting o
the rock |
3 Bit must be changed when it becomes .
excessively dull or stops making progress ..
/4 » Most bits work by - g
Lﬁ - }_’l'rr = Scraping the rock

{2 » Crushing the rock
.« » Both
) o « Hammering (pounding) the rock CORED BN (CR).
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Drilling Bits
% Drill bit selection is a complicated
process
» When performed properly, it has a
major impact on the total well cost
% Drill Bit Types — & ~% Ga (v
D= Roller Cone Bits

(Rolling Cutter Bits)
374 | ©= Fixed Cutter Bits
L (Drag Bits)
.- (= Coring Bits
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Roller Cone Bits /-2, ¢ r| Ly gL b0
3 ' I
- ’r-{#;'r? 4 l gyl 2

% They comprise one,
two or three cones
having teeth sticking
out of them

% Three cones bits are
the most often
applied type of

drilling bits

W'~ O U’V\“' St oy g b2,
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Roller Cones Bits
(Cont’d)
» The cutting action of this
bit
« when the bit is rotated at
the bottom of the hole, the
teeth are pressed onto the
formation below the bit
and apply a force

exceeding the compressive
strength of the rock
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Roller Cones Bits (Cont’d)

» The gauge of the hole drilled is
maintained by the outside cutters
which are also known as “gauge
cutters” o LA_:{’

% These teeth are very vulnerable to
wear that increases in abr 151%"}
sandstone formations ¢ _;-'»r A U,

» When the gauge cutters are worn
out, the hole drilled is undergauge

% Cones are commonly heat treaded
and made of NiMo-steel

% Teeth are sometimes made of

EﬁlCrMu s.tu,_]
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Roller Cones Bits (Cont’d)
» It was invented by Howard
Hughes

3 It has conical cutters or cones that 4 i
have spiked teeth around them

i }“'*_As ihe drillstring is rotated, the
bit cones roll along the bottom of i}

g

the hole in a circle

» As cones roll, new teeth come in
contact with the bottom of the
hole
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Ol » A high-velocity fluid jet smkea the
crushed rock chips to remove them
from the bottom of the hole and up the §
annulus

(Y} 3 As this occurs, another tooth makes
contact with the bottom of the hole and B

creates new rock chips

E’J » The process of chipping the rock and .
removing the small rock chips with the ;,’..'"-J' gyl O

fluid jets is continuous w sl s Cone
. 1> They are divided into two groups
L{»'Uhu 5 & 8| 4% Mill tooth bit
A = Insert tooth bit
Khalil Shahbazi=
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Mill Tooth Bit

J » In mill tooth bits (steel tooth bits),

the teeth are milled out of the

i it -

same body of the cones o

» These bits are very robust fand

L / tolerate severe dr:lhng ng conditions ,

J ¥ The},f wear out relatively qumkiy
/" They are not well suited for

deeper wells

* Because tripping constitutes a large
time factor s .
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Insert B1tf; S

(D> Insert bits (tungsten carbide
bits) have teeth made of
tungsten carbide which are
fitted on the cone bodies

‘c_\}_ R o '}‘r
> They do not tolerate shock
_ loadings ul
(f:}'i"hay can drill long sections
before being worn out

(3 Insert bits are more expensive
than mill tooth bits
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Inserts Bits (Cont’d)

] % A new technology of insert bits coats the teeth
with a layer of diamond
% These bits are known as tungsten carbide insert
A

bits (T CI)
» I"hey exhibit a significantly improved bit life
in abrasive formations,
8 Mys> F/‘ﬁ” )

depr2 G T S W !t,-- gr D’
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Fixed Cutter Bits (Drag Blts)

l, ©

(s 1r~‘im.-,|.13|"~j‘. i

C> They have no moving parts (e.g. bearings) and
can drill very long hole sections when the

- &\'I I\Tft 9 O} A5} aSyVe

5 A J/ proper “drilling conditions are given
> s~ Y They exhibit highcr bit rotation times (time the

i bit is cutting rock) at hdfd and abraswc ™
L x| o formations |, _s, (s, L,,) Y Gl o (_, o il

'. W\ @3‘9 Diamond bits allow higher bit rotations which
g are given when dDwnhUle motors are applied

( AERG. 4 u/lv(;f )A#/f:' wad m, bev | zﬂ F> (jf,f (;"u s (o
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Drag Bits (Cont’d)

> The design features (g b (besea

1 1o 20 e s 4 (}de-- The number and shape of@ttmg bladeslor stones
ot GE § o8 = The size and location of[water coursés)” ~~

|
|
v
s
&

L,..d
ls Slis 5 4 (_,-»-" = The metallurgy of the bit and cutt cutting elcments -

» They drill by plowing cuttmgs from the bottom
of the boreho]p ru»r""

b

O
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o L1 ., Drag Bits (Cont’d)
\ » Different types of drag bits
“~ = Bits with steel cutter
(' 74 «d = Diamond bits
W f Polycrystalline diamond {PCD) bits

Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazisy

F.) .
R I TPY - PN ~—~ J . ‘l 1
e et Bits and Holes
PR - S by \
J‘}‘-A new and good bit
drills a guage hole

JPA dull or a broken
teeth bit drills an
uncierguage oe hole and

= reduces rate of

( peneiration
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Polyciystaiiine Diamond Compact

(PDC) Bits

» They have an mdustrlally manufactured diamond
disk mounted on a tungsten carhlde stud

>
These bits are very f:xPa_n_siwc

——

Drilling Engineering-1 Ahwaz Faculty of Petroleum Enginee-ing  Khalil Shahbazir

PDC Bits

Cg
> These cutters are synthetic

diamond disks about 1/8-in. thick
and about 1/2 to 1 in. in diameter

> PDC bits are effective at drilling
shale for hale formations, especmlly when
used in cembmatlon with oil-base |
muds -
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Polycrystalline Diamond Compact
Vet (PDC) Bits

\D‘; They can drill very fast for long distances
. 'L-—-—-‘T
()3 They are most often applied for
= offshore drilling (high rig rates)
’J‘ = deep wells (tripping time)
7> The PDC bit itself consists ofaﬁ@fbj where the

F __ptungsten sten carbide p parts are mounted on steel body
5 Bits that are totally cunstnm_te{i from tungsten carb;de are
| B A cailed\"matn:-. body bltq”l
; ‘ %% Matrix body bits are more expensive than PDC bits but
P o7 they exhibit less wear (e.g., loss of teeth in hole) —~—
i "-”'ﬁ Dri lITr:g Eggmeenng 1 A.hwaz Faculty of Petroleum Engineering  Khalil Shahbazi+- '
fr ' ’UP '
m = ol
B..fpDcC U;ﬁf'toiu'w}m J T d¥ay UL" (4{:.51)
f Jd vy L L 1,1.,.} f J
. / vl
Diamond Bits Versus Roller Bits phler <1y
l » Advantages of diamond bits over roller bits bt 0 J
| increase as bf),:u.:,-n ”
m
P ® the depth increases Gty £ Ao
_: = the boreliole diameter Cogrenses (o w 1
» Disadvantages of the diamond bits compared Terque ~ Al
to roller bits are F"fj’ Lc;/—"
= Have to be run in carefully (borehole has to be
washed clean) - —s b YMley 0 ¢ss
I = Normally hxgh torques are int 1ntroduced ra,f;, I, dﬁqu \
= Higher price /‘{'"‘"‘"“‘r e Ore )y,
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Advantages of Drag Bits over
g Rolling Cutting Bits

FDrag, bits do not have rolling parts -

U = Rolling parts require strong and clean bearing,
— o
surfaces

fﬁ

I
(Y

X

» Less chance of drag bit breakage because it is
) made of one solld piece of steel
&) ,f

datiiathcin F:
* Less junk in the bottom of the hole

Q?Urf Less fishing (additional  trips to the bottom m of hole)
/= Less loss of rig time

Drilling Engineering-1 Ahwaz Faculty of Petroleum Engines ‘ng  Khalil Shahbaziv

* In small holes, space is limited to design both
strong bit ¢ bit cutter elements and bearings
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Drill Bit Classification

% Drill bits are classified by IADC
(International Association of Drilling
Contractor) to identify similar bit types
made from different manufacturers
J e Roller Bit Classification

I @ Drag Bit Classification

z Facully of Pelroleum Engingering Khalil Shahbazi21

Drilling Engineering-1 Ahwa

iRoIIer Bit.Ctassification

+The bit classification in use up to 1972
applied three digits ' U
>The new one applies four

»The first three digits of the old
classification remained basically
unchanged

>the additional fourth letter provides in
general information about the bit

characteristics
z Faculty of Petroleum Engineering  Khalil Shahbazizz2
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Other Digits

‘ J »Second digit: numbers 1, 2, 3 and4
J > Third digit: numbers 1to 7

J »Fourth digit: A, B, C, D, E, G, H, J, L, M,
T, W, X, Y, Z

Drilling Engineering-1 Ahwaz Facully of Petroleum Engineering  Khalil Shahazizs

Volwoet~ Drag Bit Classification

» The new classification, introduced 1981,
also uses four digits

XFirst digityiThe letters D, M, S, T and O

_define theltype of cutter ]and the]body

materlal
_material |

., ®D: Natural diamond matrix body

>s ®M: Matrix body PDC

A
J}“" L @
(€ E)}‘“UJ;-’

~ @35 Steel body PDC
o T: TSP matrix body
® O: Other
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i
,—————\
H ’/ F irst Digit
n / (_;JI‘(J'I (5[;5;,;‘ Vvl sl
»>The numbers 1, 2 and 3 designate steel /
| tooth bits and carrpwd to increasing | .
o formation hardness | — (b, « PG O
F @ J 9@ soft formations with low compre "SSIVP : );'1) J“ '
X btrerqth and high d.:liabmty

OJﬁg) memum to med|_u_n; Hard formations with

hlgh compressive strength

@J (3) Hard semi-abrasive and abrasive
formations .
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I f - ( First Digit

] »The numbers 4, 5, 6, 7 and 8 designate bits
¢
I
b
4

with tungsten carbide inserts and also
correspond to increasing formation hardness

® «4) soft formations with low compressive strength ; " A
Bnd high drillability Corbps 6L ©

® 0@ soft to medium formations with low compressive [ (- Lk , r{(}hp Yessi!
strength = fie
© ediurn hard formations with high compressive O
strength ' L b b ®
| @ hard semi-abrasive and abrasive formations bl ey s bl

'ﬂ\ = i 1 ¥ \
5 CB' . 8:) _:dr_emely hard and abrasive formajtlolns r.f’c,...ﬂe S Ve cra
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Other Digits

l ¥ > Second digit: The numbers 1 to 9

| ¥ >Third digit: The numbers 1 to 9

~

v »Fourth digit: The numbers 0 to 9

Factors that Affect the Rate Of

Penetration
® > Bit type e 5y
®>» Differential pressure
(® »Formation characteristics
® » Drilling fluids properties
@ » Operating conditions
® > Bit wear

& » Bit hydraulics

l Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazi1a
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| @ Bit Type

pl&' The type of bit applied to drill a certain formation has
alarge meact on the achieved penetration rate
» Roller cutting bits w1th long teeth e exhibit the highest
pcnc-trailombul :
* They are 01'1!:. ctppllcahlL at soft fnrmﬂmmb
> At hard fon‘natmnb where - drag hlts are ueed ROP is
maml}f a fum,tmn of S (f o dh

" 5ize s |
-‘——:);') (@122 r
= amount of cutters ’:"‘ =

®* an optimum combination of drilling parameters

Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazi
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Differential Pressure :
b Y bl ol
>Effect of differential S . ) -
pressure (wellbore £ il e i Tl ek
u pressure-fom}'atign E : . INU!:ANA LIMESTDI;E
! pressure) on rate of E il e
‘ - penetration .
b o »UBD gives high rate 5.4+
u of penetrations Rl
E - ®6 oo 2000 3000 4000 5000
( [;,—;!-'f‘ d, DLy Ls o | Ry P ) - DIFFERENTIAL PRESSURE- PS5
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Formation Characteristics

» The most important formation properties that
determine the penetration rate are

J » the elastic limit

* ultimate rock strength

] -
v * Permeability
J » Abrasiveness
d = pummy clay minerals content

‘e ¢, T
).,;.F"J )}p)p)[ﬁ.—;) ;_.‘.-'I--" LI = I J-—_M;: fJ U s Cla i

Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazi -

Drilling Fluid Properties

» Properties influencing the penetration rate
= drilling fluid density (/> & density
= rtheological properties (V s5Cesi't J | I
® filtration characteristics J‘-:*"“fx[}g ':-;_.: K 7,:fmu-i (a b o
* solids content and distribution __ Tl 2 & Gl

-

» chemical composition

o L.;“‘jg
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4 b LJ/’““”f"' #Jz s )“’“H'/" S ) )f‘ J"r'Ji_Jz s < [’(’ "I
m Drilling Fluid Properties (Cont’d)”
»Effect of Pcnclrrihon Rate A A Lt ( Y \p_, pyss 5 B '1 S’-’ > 3 h
different \ el Re® | e LUt B
drilling fluid
properties on Lx e—  Viscosily ‘
o b & ;
rate TF b / \\\ (4__‘“—:}_qfﬁlrrﬂm Value
penetra 101 i
1T A <, - g F'U/;\::**'M ME‘CO'I'CDPICI'II
Uy & | S|r &.T{){ @ e
'T .r\-—:"" Uﬂ L- 2 j)" r U Solids c:i:ni?_”,'; (dJJ"‘HVc s (‘q’f‘{f\‘-a)
' L L = ' : S ; 3 ; \ £ .
U bo oy )= |boOL iy x"*‘” &8 LSl i b d'-'y’-;;’
o = il ; _ : R .
b 3 o P 5 a2 (FPr L._,.-"‘-';‘u g Yy Increase of (
r: e YT i Engineering-1 Ahwaz Faculty nf Petroleum Engineering  Khalil Shahbazi -v | ,
L¢ L M L, (- | yzad *-x#a
) -.S’r—f (52 ,-(_J)’ | Sy ’#ﬂ:’ﬁ __>‘.; (_’r\fr;

;g;,Lla 2l 2 ) e : r_;;—" uf“u“"("

Operating Conditions . ~ - o hohs f

¢« om0 RPM a2

» Effect of changing rotation
speed on rate of penetration ¢

» Effect of weight on bit on rate
-‘-F:-_-_-_._-_._-__\-—_l-
of penetration

»Low ROP from d to e is called
bit floundering and it is caused

by less efficient hole cleaning
Drilling Engineering-1  Ahwaz Faculty of Petroleum Engineering  Khalil Shahbm:_i 1
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Bit Wcar

% As the bit is worn during drilling

I = g
:,_1,1.,,”...-:» r'r)_-..); [

I u the penetration rate decreases > M H
» This reduction of ROP is generally less severe for p L 02"
insert bits as for mﬂ!gii_tnnth bits
J
) pav U&E:.L;},J;

Drilling Engineering-1  Ahwaz Facully of Petroleum Engineering  Khalil Shahbazi -»

— 7
Bit Hydraulics = ¢ qmidL.,,w ;A

® »1t can improve the - penetration rate dramatically
(9 % The enhanced jetting action promotes
= a better cleaning of the teeth

= a better cleaning of the bottom of the hole

© »To improve the cleaning capacity of the bit

» The number and location of nozzles should be
selected properly

p}.u,.q- o r--'Ut.E! apty L s Casl [ed;L}'(_f,sf jtf (510 @
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b BOf 1ol s, m’ . wrﬁi-\ |, we) head .
/ f e (= B e L o A
. ,L.‘ |; p Ig.& ‘, ~__ Ary = ma B As gt F \._I,.--n_‘ I:J I‘_f J'f'_f
) 4 1_.'&'-!“--‘ b % U.;L_L.:...J ! e b~ Ly payZene (i~ damege G ©
Chapter 7: Casing Desi =
: apiel K asmg 1Jes1grnl B 5 1.'
» Functions of Casing ! i
; 5 ) .,
;- 8' It prevents collapse (from caving I_]?'.l,i'?jﬂhm.ehﬂlﬁ l [high
= It provides a high strength flow conduit for the I Ip-rn:u*
e drilling fluid to the surface = ool 1 ¥ ‘
= It provides support of well head equipment and = ' i i
'@ safe control of formation pressure by BOPs i :",“; L
» |t minimizes damage to pay zones from high } T
lll'f..‘SStlFC. formations _ - | el \)/(jL /{{
» Cost of tubulars = 18 % of completion a well ' .
4 = . : ¢ ] h)
» Casings are provided by the oil company not A e
by contractor (e (5 \Uke!
Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineerinn  Khalil Shahbazi v I( ‘[3
. T = S = C Fo35 Yl
: ’.,-/;m; Ca':s'inj L - C VoSS -k\.,wL;)L;‘ U Lok UT"’ o
ol U,_.n
Casmgs Versus Lmers
» Casings extend from the desired
depth to surface -
> Liners extend from the desired
depth to the shoe of the prevmus s
or liner . e
casing AT -'-.-.,-;,;-.»'. _
> There is an overlap between the y
liner and previous tubular __%
= Almost 30 m for oil reservoirs _
= Almost 60 m for gas reservoirs R 2 | P
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Different Types of Casings

}‘r{r(_j:m_l_d_uctcjﬁcasing: nc(_:ftisﬁrﬂ

) S Lﬁ-f’ac_:.é]ca sing:(necessary | N
(4 UUL} FHL"THtcrrﬁ_éd'i;atp_']'casing: depends on

the formations and their Bl
pressures, the less the better

*Production)casing: necessary Ak

Driling Engineering-1 Ahwaz Faculty of Petroleum Engineering  Khalil Shahbazi .1
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121, Conductor Casing Functions /
>to enable circulation of the drilling fluid to the iy 7
shale shakers without eroding the unconsolidated -—————

surface sediments directly below the rig 3
A foundation

O

L' > to prevent the subsequent casings from corrosion
M@ >0 partly support the wellhead weight

> Fo divert an unexpected inflow of formation fluids
into the wellbon_: away from the rig-site and the
personal (by a diverter)
»to provide a base or partial support for the
suspended weight of other casing strings
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- Conductor Casings a
- » Conductor setting depths and sizes
|
« Based on your book R
Q

oDepths: 20 to 1,000 ft
i ,Y 5Sizes: 9-5/8 in. to 30 1n.
¢! = Based on other references
oDepths: 150 to 600 ft
oSizes: 20 in. to 36 in.

Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering  Khali Shahbazi "}
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Surface Casing Functions

j@)‘-‘ To hold back the unconsolidated surface
formations and prevent them from falling into

the hole
® 1o protect the shallow, freshwater sands from
canWh drilling mud

»To protect the subsequent casings from
corrosion and partly support their weights

(@
N ©3 Serves as a base to hold the BOPs

Drilling Engineering-1 Ahwaz Faculty of Petroleum Enginaen'ng Khalil Shahbaziit
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Casing  Uray! S
/ c Surface Casings
o ~ * ol e
a1, | »Surface setting depths and sizes
| ru v * Based on your book
sy oDepths: 300 to 5,000 ft
(U= oSizes: 8-5/8 in. to 18-5/8 in.
Koo | ( ot = Based on other references
£ s oDepths: 300 to 5000 ft
=5 fp | ) Clk- )
Sy oSizes: 17-1/2 in. to 24 in.

v

ey L : - -
MWATR 221 | » Setting depth is determined by government or

PR bi company policy not due to technical reasoning
¢ UUL . P | Drilling Engineering-1 Ahwaz Faculty of Petroleum Engineering  Khalil Shahbaziyr
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Intermediate Casing

> Th(f,y are set between surface,and production
casing

» There is a condition that will prevent the well
from being drilled safely to total depth, so we
need to run an intermediate casing

= To isolate troublesome shales
= To isolate high pressure zones
* To isolate salt zones

Dy Evgiosering=1  Alwaz Facuily of FETDIeUm ENgiNeenng  KNaii Snanbazi

= To shut off lost circulation zones —3» d/ Crer Tl ) 6 e
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[ntermediate Casing
> A purely technical Eo jJ = wnm--tu ( Ltw
GaSing :-;-':Ic:lam g 4,000 1

. A8 in
Builace Cating

20 Condxcior Ll

» One or more may be

necessary
3 Sizes: 9-5/8 in. to 17-1/2 - .?..'::EJ:;..MJ —
n. ] [
T 518 17,0001

Drifing Lingr

» Subsequent intermediate, 1
= . e eopll b KON, production Caring b 20,000
casings are set as liners

[0} MISSISSIPRI [ b) OFFSHORE LOUISIANA
SMACKIVER TREMD MIOCENE TREND

Khalil Shahbazie

Drilling Engineering-1 Ahwaz Faculty of Petroleurn Engineering

Liners

% Liners do not extend to the surface {f " * m,.;
and are su‘"»pended from the ' R
bottom ofth:, next larger ca casing

)-*Advantage IGW_er_[iE)st

_-» Disadvantage: problems arise

from hanger seal and cement

leakage '

Drifling Engineering-1 Ahwaz Faculty of Petroleum Engineering Khalil Shahbazi1»
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Production Casing

- (O »1t is set through the production zone except In
open hole completion
© »1t is designed to hold the maximum shut-in
pressure

2l

@ » It permits the tubing string to be maintained or
replaced during the production life

» The diameters range from 5 in. to 9-5/8
> A production casing of 7 in. is popular

Drilling Engineering- 'L Ahwaz Faculty Df Petroleum Engineering  Khalil Shahbaziyv
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Casing Grades
TABLE 7.1~GRADES OF CASING RECOGNIZED
»Grade Code: letter-number BY THE API
i Mialmum

> The letter is arbitrary SUergh  Uimale  Minimun®

APY ps]) Tensie Sirength Eiongation

Grade Minimum Maximum  (psi) %)
> The number is the H40 40000 BO.000 60,000 n5

minimum yield strength in (& &0 om0 00 s
thousands of psi G5 75000 90,00 85,000 195
L0 80000 95000 85,000 195
HOD  BOOCO 190,000 400,000 105
G50 90000 105000 100,000 185
GB35 95000 110,000 105,000 180
P10 110,000 140,000 125,000 15.0
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Casing Sizes and Weights
TABLE 7.4—SPECIAL DRIFT DIAMETERS
: ; . (Courtesy of Lona Star Stesl)

% Outside diameter of 00 weign  Wai  Diit Diameter
d ) ! Sun  TEC Thickess o “‘; =

A Q . (n) (i) ] APl Spec
casings: 4.5 in. to 20 1n. & e o e g
e . B . 3200 0.453 5969 6.000
% The details of all sizes In 7% 40 058  —  BSW0
. B4 32.00 0.352 ;E ;gg
[able 7.6 - S
. G 4000 0385  BE79 8750
%»Some common ones are G A Akw
= 58.40 0.595 8279 a_;;;
given here m a0 - L
10% 45 50 0.400 0. 784 8.875

g5.70 0535  0.404 0.504
1% ©B000 0489 10.616 10.625
E5.00 0534 10.526 10.825
117% 7180 0582 — 10825
133 7200 D514 12391 12250
sE00 0625 11.950 12,000
13w B140 0580 — 12250
1385 aa.20 0.825 = 12.250

az Faculty of Petroleum Engineering  Khalil Shahbazi

Drilling Engineering-1  Ahw

I problem 4.13

» A derrick is capable of supporting 500,000 Ibf.
How many feet of 13-3/8, 72 Ibm/ft casing
could be supported by the derrick if the casing
was run open-ended through 12 Ibm/gal mud.

% From table 7.3: wall thickness= 0.514 in.

»OD= 13.375, ID=13.375-2(0.514)= 12.347 in.

4=2{op’ - 1D0)= zn.m:ﬂ

L_ Drilling Engineering-1 Ahwaz Facully of Petroleum Engineering  Khalil Shahbazi.

: ik 1660 Y 42gal
- - F ™ - 1 =
lF. W~ F,, = 500,000 = 72x 20'”7"’"”U"mm””"”’[wfn.’Is,s:s_n‘Imr J:.'-x B466 i
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