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Infill Well
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Injection Well & Production Well
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: Monitoring well
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Observation Well
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Classification of wells:

Deviated well vertical well

Target

Rig Location

Target
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Deviated Wells
a) Build and hold type
b) Continuous build
c) Build and hold and drop type
d) Horizontal well
Multi lateral well

Extended drilling well
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Vertical
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Vertical
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Hold
Drop
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Well Structure Diagram
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Soail
Aquifer

Sandston
limestone
shale

limestone

Salt

Sandston or limestone Reservoir

Surface casing: all surface well facilities
o oo > S Loy p S50 )y slo GB (B M aiSU s )l 6l b 4Y ] can
D50 53 Sod saiile ;o Grizres Wl (oo ol ;0 5 le> LIl g le gl ol 1S el 5 wis
el oS 850 (0 2929 olojlé g ond > 65l IS 0 Wil S oSl (g5l Jlew g0 gl
igd Wjle 3
Ay ol plasl g Jods Y 5l yoe 0mme 0 Jol sl Y g (b @Soxtine i Sl 9 1
03,5 bl ()] py5 yhas 5 Jud b oy55 5 5l gyla dalol o 1, 055 U oo o 13 ) a5 )la
peoly> (MU 10SS) S (g5)5,0 asl asls 2925 obj sk 5 am limestone s 51 ..,
Al oS BB 695, B ogd (gl 5 St Lid S5 L sl 5 2l
Ol BYL 51 alg) ails (g3l a8 waly anals alsioiul Jail pwlid ee) Sl 5l aY 5 canl Sae
G wos Aol a5 6105 do) g9 pl et 8 o Ay Al 090 gl )| les ojlail 4 Lagd aSly i a0
a5 09i o a5 (liN€Ar) (6wl Ayl 058 o 3lae (CASING) LS (s lax ) 15,0 jwl & jg0

)l Sldos b 09l oo ails &5 Glae &j90 4 s la> Ayl Jg,0 Liner Hangers L



b ogd o plol Slylas slo 4Y plas sl )l slo g cuai 05 (Soxtas 5 0y ploxil )]
o Production casing 135 4yl 4 0,5V

Mkl production casing 4 surface casing = sl 4y acsome J5
w95 intermediate casing

4 ) Silors 5 e plasl 5l Gy ¢ 350 4l 50 sadg sl b syl Al ol 8 Dyee o
Glo e Oy 4 B o9 o oloml L5 5550 lasl 13l o)lgs o Sl ogaste sla dglS alws
(Perforation) 5 e clilas cnl @ aigd oolitl oz (5 4 (35 (99 31 Sl Ol

03...0 ° ass

Production casing

Tubing
Packer
Cement
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Gas
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Typical hole/casing size arrangements predominate in the Middle East:

Hole size (in) Casing size (in) Description
36" 30 Stove pipe, 100 ft
24/26 18 (5/8)/20 Conductor pipe,200ft/300ft
17.5 13 (3/8) Surface casing
12.25 9 (5/8) Intermediate casing
8.5 7 Production casing
6 4 (1/2)/5 Full production casing or production linear

History of drilling technology:
The history of oil well drilling technology is studded with familiar name of
colonel E.L.Drake and Anthony Lucas.

Ancient time: well dug by hand

200. B.c: Chinese used percussion drilling to drill wells for salt water,
using derricks, tubing, bits and cemented bamboo casing.
Drilling ground water well:

1859: using cable-tool percussion drilling equipment, Drake completes
the first commercial oil well in America at a depth of 60 ft.
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1900 -1901:

Anthony Lucas and hanill brothers drilled the discovery well at
Spindletop field near Beaumont, Texas using rotary drilling equipment.
The well flowed 100,000 BOPD from 1040 ft.

Methods of drilling:
1) Percussion drilling 3g oo ooliiwl o (slo ol> (gl Lats 03g el

2) Cable tool drilling
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3) Rotary drilling
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Mud

4) Turbo drilling
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5) Coil tube drilling
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1) Rotary Table
2) Top Drive
3) Coil Tubing
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Drilling Company: Position

The well planning process
1) Well selection
2) AFE preparation (Authorization for Expenditure) z,5 sl ool o5l

o8
3) Organizing and data gathering
4) Well design
5) Rig design
6) Procedures
7) Contract
8) Cost estimate

Team members:
1) Geo science: a_geophysicist
b _geologist
c_geochemist

2) Engineering: a_drilling
b_production
C_reservoir

3) Operation: a_drilling manager
b_drilling superintendent
c_drilling supervisor
d_logistic coordinator

4) support: a_loss prevention - safety
b_enviromental and regularity
c_purchasing
<l 5L well planning process < cys 9 ol 31 olos @
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Well selection

v" Prospect identification
QS o b i s 0e dilate ) 095 Slaslive 5l eslitwl b lulid e a5 el gl al> 5o

Geology - Proposal - Observation - Topographical map &
Subsurface cross-section > Reservoir
G oAbl ail 1) i5e Slasin &5 S S plolid ey Jawgy ool S Sledbl (g4,
Cap Rock- Trap - K& 295 oo (e 0gall (e lgie
Q

v' Reservoir Potential Evaluation:
O Gadgs Jeily 841 5
1) IHCIP: Initial Hydrocarbon In Place

2) Reserve?
3) Flow rate - well potential="?

v Prospect acquisition:
Sledbl (5,51 poz a5 b abl aLilas gmg xhad (g5l dasiin Sl sad (Byme 35w 350 ,0 5]
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v" Well location Selection:
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1) offshore (ocean)
2) onshore (continental shelf)

AFE preparation (Authority For Expenditure)
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Organizing and data gathering:
v" Initial planning meeting:
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v" Location, support and logistics:
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v Pressure prediction:
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v' Potential drilling problems:
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Blow out = fire > Human health & Human welfare

v" Directional plan:
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v Environmental and regulatory requirements:

(( Environmental protection Qa5 k> jeme Wb Cans ) e cbles bl
agency ))
Well design

v Permit application submitted:
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v" Mud program and solids control:
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v Tubular and wellhead design:
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v" Cementing programs:
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v" Drilling mechanics:
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v" Hydraulic program:
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v" Logging , Coring and testing programs:
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Rig design
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v Rig specifications:
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Procedures
v" Drilling Procedures :
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v Support
v' Completion and Testing procedures :
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v" Drilling Time curve:
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v' Emergency procedures:
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v' Completion and testing time :
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Cost review

v' Bids evaluated:
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v" Drilling cost estimates:
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v" Completion and cost estimate:
v" AFE review:
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Well program Completed:
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Drilling environment:

1) Surface drilling environment:

a) Ocean (offshore)

b) Continental (onshore)

2) Subsurface drilling environment
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Self Contained Drilling Platform

Inland water drill barge

Tendered Drilling Platform

Inland water drill Jack Up
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Drillship

Subsurface environment:

5 pressure

pressure

Hydroulic gradient
pressure

depth
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P=y*h : v = specific weight = pg
P/h=y , = pressure head = h Fresh water = 0.433
psi/ ft

Water with salinity of 55000 mg / lit > 0.45 psi/ ft

) P VWP E Y SR S SSUe PP S KU WIS RN PSR

Hydrostatic \ /

Pressure P=pgh=sh
Gradient

Overburden
Pressure

Hydrostatic
Pressure
Gradient
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g8 oo axa5 Overburden

pressure
M\ >
. S
ANEAN Fluid pressure + Rock pressure
\\\\ =Qverburdon pressure Gradient
AY N

Fluid pressare gradient
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Fluid pressure = Formation pressure = P

TVD

. pmud

Pmud [Psi] = 0.052 x Mud Weight [PPG]x TVD [ft]
TVD : True Vertical Depth PPG: Lb/Gal

Pr> Pnug = Blow Out if appropriate system is not used
Pr < Pnug = Lost Circulation

Pr =P nwg = Balance

’Pf >P e =2 Under-Balance Drilling (UBD)

I:)f< P mud
Pt =P mud

- Overbalance Dirilling
- Balance Dirilling

S o Safety Margine <G a5 el Jgoms 13 casl o985 6 5 sl> (o )la> 0 Ban a5 L]

S CTIUI PRV S VR WL IS\ ISCOLUURN VY PR L - psi 393> Yaors g 3g oo 41,5

Poa + 200
Mw =

(0.052 x TVD)

— Formation Pressure :

o pressure

@
L

depth
?

Abnormal Pfessure gradient
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Unfortunately , certain geological or geochemical processes can effect
the pressure gradient causing it to deviate from its normal trend,
resulting abnormal pressures that are higher than expected.

Abnormal pressure
A
' N
Super pressure , Subnormal pressure

Abnormal pressure causes due to number of processes:

1) Rapid sedimentation

2) Piezometric surface contrasts(differences)
3) Chemical diagensis

4) Fluid density contrasts

5) Structural movement

6) Charging

— Rapid sedimentation:
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Shale
Shale Sand Shale

Shale

— Piezometric surface contrasts:
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Shale
- Refrence datum
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P.=h,y., =2 h,=P./y,=Fluid pressure Head
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Total Head = (P/y+h) {A abss Gl }
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Charging‘
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— Chemical diagensis:
Mineral type 1 = mineral type 2 clay 1 - clay
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— Fluid density contrasts:

(TVD). = (TVD)g

Pa=(TVD)a % y., 500 sla Y 009l 0,8
Ml; UTPB = (TVD)water X ’Ywater + (TVD)gaS x Ygas
(TVD) A (TVD) HO
A®--=-=-=-=======-- B gas
oil
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— Structural movement:

Tectonic - Fault ( Normal Fault )
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Reservoir . ' Reservoir

Subsurface Environment

Temperature:
o Temperature
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%
(7,
= (”00
(o8 .
-
S %,

b b yieS polde 5 ogiiuw 099380 Lo o il 4z 10 Yo-Y0 090> Goc gl o b b o
sals o Temperature Abnormality clgie o 1) oo S jlae|
The average geothermal gradient Ys... |, Temperature gradient -l
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The drilling riq:

(Y
¥

(¥

™

*

The drilling rig or more comprehensively the well site included the

following:

1) Production of primary energy

2) Expandable product storage and wave housing
3) Facilities for handing waste discharges

4) Shelters

5) The derrick

6) The pump facilities and tanks

Four basic drilling functions:
1) Hoisting
2) Rotating
3) Circulating
4) Controlling

Wasle disposal

section

(6)

Storage
(2)

Rig
(5)

Shelter
(4)

- We need to be able to transmit torque from power source to bit via a

drill stem. (Rotating)
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- We need to have the capability to lengthen or shorten the drill stem as
necessary and to regulate the force it exerts on the bit at the bottom of
the hole (hoisting).

- We need to be able to circulate a drilling fluid down the drill stem
through the bit and back up the annulus between the pipe and hole
(circulating).

- We need to prevent blow out and control the well pressure while drilling
(Controlling)

— Rotating
Rotary table
a) Mechanical
b) Electrical

Rotary table

U BOP
Kelly
ke”y Drill pipe
kelly /| Heavy wall drill ipe
Bushing /-
J5is Drill collar
Bushing table —

& 2
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aily Wl oo |y die 5 BB,z oo wb b asgerme plad Ceul Ceuly S 4 GLes gyl o
A8l o 25 S5 4 Sl 5 (S 55,8 s TOMATY table
s (6 i J> 50 10000 ft goe jo a5 0 K Sl o 1) >
Kelly = 54ft
Drill Collar = 200ft

Heavy well drill pipe = 800 ft
Drilling pipe = 1000+ (800+200+54) = 8946 ft

oS e |y aie mudlgtu 81 sl ol G pas g six a5 ws oy ool S0 Tt oo o) o Jobo
VLY Ojge @ g lax J5o el & ai Yogono b algf (30,5 o sl ol Vi 1) b dlg) aom ol
el ai> e g angS Stand Gl i olows weesS 0 o> 90 ft 360 ft slo JSs ,0 )

(g ¥ jiSTas). og ale> s Stand Job asb i b JS's

Top drive:
rotary o> a5 olo Coje 09 (0 plxsl JSo oYL 5l JSo &S sl 5o, s ol o

Down-hole motor

a) Positive displacement > operating with
drilling fluid

b) Turbine pumps -> bit is rotating only - oriented

mode
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— Hoisting:

Crown Block

Traveling Block
Hook

Pully

Lo Gl slo S (6l g el 00 sduzy o 490 pew ST &S Sl gl 0,8,3 Draw work

Switch board,'l oo Ol (S ST (6551 0,10 s b Sl3T 8,8 LiBgie S o a5 g Ogb oo
sleisu slp Prime source power G, swis aiby Switch board) .ses o el

(s ]y el

Sheave

Moving

Draw work

% Storoge wheel



l, o ST 9 (Traveling block) s,51 o YU 1, dg) IS viS” 2o Draw work ;s 1, g 3
oudlyz a5 08 o )3 ooliiul 0,50 Sley StOrage wheel cus oy o b 151 oS o5l
s Sl oo )0 o i 50 Sy 955 (0 oz DIAW WOTK 50 (10305 o0 (56 |y o
a5 o) 1,5 Gauge <, HoOok [Ls s .aas 0 OWS ) o (S (S (G9ym AT Ol a2

Weight On Bit (WOB) L Hook Load ;5 cpl @ aas oo olis b a1y e (59, 359 o3liws

Dyl oSl e ao (gly aS 068

by myy o0 omb Boe )0 5 @y 2db i & (59, g 42

b dse 0,50 )3 die (59, ad, Joosi 9> 5 in s, laie L Assembly !
Swivel
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Draw 08 5 058 oo 5 nfiw degeme Gj9 w5y 5 Omb e
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Heavy wall drill ipe

‘ Drill collar

Bit

— Circulating:
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905 (0 05 |y wiile 09d (oo )15 (55Led ST ate Ml Sl ey i 5l iled b s e S
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Dry material H,o

Mixing tank
Mud pit
Prime Source Switch , To The Ri
g ‘ boatd ‘ Mud Pump g

sl o) (o ls slad ple sl ate s SJ3U 5l zesP 5 o solax Ayl Slela (g)0 4 0l oy IS
u‘)s.‘i IXVELY LJ)""S Comnd u.’)JYL’ A o) C.E.w 5o by 05...,.: &° C)L> (AnnUIUS) oL? o)bg.o 9 L5‘)Lé.>
dJy) G Gk 5l bl 5l g 058 o Annual Preventor sl s s cond o (BOP)

. o¢i oz, Mud return line oL

H,o Dry material
Clean Mud
> > Stand pipe
A ' Mixing"“ Mud return line
Tank

& i I | Surface Casing
1!
v 1 | 1
1
55t il { Desilter { Desander (| shale U
shaker | | 1 il
- 1
cuting y 1
discharge T‘ open hole

Jet flow ./ ]\ (3h sostaa sy )
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Sterage
Mud

Pit
s nAA

Bottomof Reserve Mud Pit

RRRRRRR

Mud
See page

Ground Water
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Syntetic linear

Mud waste

‘ Gravel

Drainage
line pipe

Clay
Syntetic linear
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— Controlling:
5 SN slp g Wl ol e b a5 Cuwl Slakd acgee Blow Out Preventor (BOP)
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Pipe ram

Surface casing




Rig power system
Hoisting, rotating, mud circulating and other equipments are
supplied from a prime power source usually diesel engines. Engine
capacity may range from 500 to 6000 hp. Diesel-Electric rigs use
their engines to drive generators that produce electricity.

Diesel eugine |

Draw work
Cntrol Switch Rotary table
house or Tap drive
Mud pump
Mud pump

el (S g JI 50 (S5 9 (80 g I 53 B 93 (U9),581 55 an ]

Ll A g J 50 6500 905 (0 )5 (SO e s le> 5 ey 90

— Engine terminology
Hp: horse power
1 HP is defined as the ability to do 33000 ft-Ib of
work for 1 minute.
Hp = 33000 Ib:.ft /min = 550 Ibf.ft /sec

Torque
The "twisting effort" expressed in force x length > T=FxL

- Ibf.ft
Torque(lb:.ft) = 5252xbrake horse power - output hp

Revolution per minute (RPM)
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Frictionless polly

W F
Exgine /r '_
P=wt
w=2TT0 P = 21mrorF = out power
T =FxL

Input energy: the heat energy input to engine:
Q =W:H
W = fuel consumption mass rate: Ib,,/min
H = heating valve of fuel type: BTU/Ib,

Overall power efficiency = input power - out put power

SRS B 3l Nygeime g 098 (oo 03l o jlesliinl b 3wy ojlal 5 la> JS'o 0 bl jrags o
Sy o YUy an e as ausS ool

Example:
A diesel engine has the following characteristics:

Out put torque = 1740 Ibs-ft

Engine speed = N = 1200 pm

Fuel consumption rate = 31.5 gal/ hr

Heat value of fuel = 19000 btu / Ibm

Density of fuel = 7.2 Ib,/gal
Required: what is the out put overall and overall efficiency of the engine?
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Solution:

W= 2 170 = 211 (1200) = 7539.8 [Rad/ min]
P=  (7539.8) (1740) = 397.5 [HP]
3000 (Ibi-ft / hp)

Or
P = (1740 Ibsft) (1200 rpm) = 397.5 HP
5252

Q=W;H > W;=(31.5gal/hr) (7.2 b/ gal) (1 hr) = 3.78 [lom /

min]
60 min
Q; = (3.78 Iby, / min) (1900 Btu / min) (779 Ibf-ft / BTU) = 1695 [HP]
33000

Et = Total (overall) efficiency = 397.5 HP x 100 =23.2 %
1694 HP
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The drill string

Drill string refers to various combinations of downhole tools => the
equipment between the drilling rigs swivel and drill bits.

It consist of: Kelly, drill pipes, heavy wall drill pipes, drill collars,
stablizers, reamers, vibrators ,hammer jack and any other tools
used for controlling hole's deviation.(well trajectory = well plan =
well path).

Sl e S b 1 Wil eas e target location and rig location cossge g0 o le> o

03,5 IS, 0dd ey ,0 45 oS S Wb le> ey g 08d b go ol e )l

3L e 4 WAl B i 00y s S 0 U 05 o plxl SUIVEY Cond 4 Cond |

JSo s | aie CaaBge a5 aies o 3 SUNVAY la Iyl o5 drill String 5,0 ,0 1.6 )5
Ll 00iiS Sl Gles cpl g amo lid b 4 daie g

Conventional drill string:
For vertical wells:

Drill_string purpose: the main purpose of the drill string is to transmit
energy from the rig's surface equipment to the bit (when we use rotary

table or top drive). This energy consists of and comes from:
— The weight of the drill string itself.
— The turning motion of the rotary table or top drive or
power swivel
— The hydraulic power of the fluid that is pumped down the
drill string

Stresses on drill string:

123



Tension, compression, vibration, torsion, friction, formation pressure,
circulating fluid pressure. Also it is exposed to abrasive solids(erosion)
and corrosive fluids.

Functions:

To withstand the hostile environment.

Must be light weight and manageable to be effectively handled
within the limits of the rig's hoisting power(i.e. draw work's HP limit)
It must provide weight to the bit.

It must control over wellbore deviation.

It must help ensure that the hole stags "in gauge”

Problems due to bad drill string design

Dogleg
Key seat
Deviation
Rupture
Bear bit

Formation characteristics along with rotary drilling process itself cause
well to drill crooked (deviation).

¢0



~Crooked

Key
seat .

AN

"\ Stuck

seat

s> 59,0 Ll Haile g 50,5 15 L els Bl cely wiS L5 ol s 4 ol o drill String 3
Oam Sldos @ 058 oo Jlosl Jlpl aiS (5m cox FiShINg llee 5 igie o)li>052
fishing sl &5 Sk g z,5 &5 ansS o FIShINg ol> 9,0 eolidly 00,5 5 15l oss

DS o )y 1) ol ) g e @80 @y (9,0 295 (o0 B e
Sl 25 dels (gm ST s wle ey Wb S8, ol (45,0 ST a5 muls 55T g0l Sl g S
omile gl a1, o590 5 oty (o 1y olz 5 0L o Slosw 51, ol (3950 5wl (o0 (155UsS

Fens

Plugging well

Cement

\ Radioactive
[ _ Tool

Tools
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Selection of the right string tools can alleviate the drill crooked, dog legs,
key seats, stuck pipe and help to obtain a smooth bore, full size,
problem free hole.

Cement

Smooth
bore

v© X

B dlgzs JI5 50 (gadei 1A oS JoST o ) 1)l pulyl g wils g Lo ol S

Dog leg: Cely g 0gd oo 0dml ol 0)len0 4y 5 098 co 0 ol (g0 Ayl DBl 2
oS Sl il

258 (o0 42190 STUCK L ol> o (6 lam s, olidl 5L

@ Dog leg > Key seat > Stuck

Identification of key seat:
1) Tensile loading
2) Logging:
a)sonic log
b) Nuclear log
c) X-ray
0SS YU g oS la- Key seat YL joint ool il s ag) 4iS o o STUCK JSCie 28, (sl

joint col (SenmsS (oo ey |y i3, Cqz 5 ol slp oS o fIShING 1) o3 dg) s
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2, s mechanical cutting g(euwiw 3 (oo ol (39,0 0dip blwg) aop (oo (SelKo &g
chemical L 09l oo odwdl ol o)l @ jet Sogo o aS Sl loslatul LT algd les oo

cutting

laser cutting wes o 3 50 Ly s dg) was (65509555 0

Drill string components:
Length: the length and make up of the drill string depends on such
factors:
- Well depth
- Hole size
- Operating parameters
a) Weight on the bit (WOB)
b) RPM
c) Pump flow rate or pump pressure

- Directional considerations
Qigh Jate Arill SIANG @ Wb a5 sdb o 1) 095 o sla,lpl calisce Sl il

Major drill-string components are:
a) Kelly
b) Drill pipe
c) Bottom-hole assembly (BHA)

Kelly: Is the top portion of the drill string square, hexagonal in
cross section
— API standard length:
1) 40 ft overall with 37 ft working space
2) 54 ft overall with 51 ft working space
— Kelly Parts
Kelly saver sub: to protect the Kelly thread end section
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Kelly cock: prevents fluid from escaping from the drill
string.

Automatic check valves:install below Kelly used during

blow-out.

Crown Block

Travalin
Block

Swivae

Kally

Retating
Table

Kelly Saver Sub
Drill Collar Figure 17-5 Close-up of the
: rotary system showing how
'] Bit ::':l:f“}‘ fits into the rotary
Figure 17-4 The rotary system.
Drill pipe: is the major section of drill string and that is most
susceptible to failure and consists from three parts: Body, Joint
and Upset.
— Specifications: OD, ID, weight grad of steel
— API

Range 1: 18-22 ft
Range 2: 27-30 ft > most common
Range 3: 28-45 ft

— Dirill pipe strength: there are four standards;
Torsion yield strength (twisting force)
Tensile yield strength (pulling force)
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Collapse resistance (ability to withstand external
pressure)
Internal yield (ability to withstand internal pressure)

Drill Pipe Parts
— Upset

- Upset
Tool joint

5 i o0 SRS Do 4 ey 3l ) g Lo 4]l 4y Calis 5 i UPSet culks

Bl Gl 5 AiSE o Ceand e 1 0o fal salgsy alg) STl gl yg)0 culs olis oyl

RO R RS PR TN ESER PR AP SR NP L ST
— Joint

Are box pin connections with rounded threads which
are fabricated separately from the drill pipe tube and
then welded on the upset ends. Torsional yield strength
is an important consideration in tool joint design.

Tool joints are identified by a series of 5 marking
stenciled at the base of pin connection. The first
marking designates the company symbol. The second
marking designates the month that the tool joints are
welded. The third marking denotes the last two digits of
the years in which the tool joints were welded (e.g.89).
The forth marking is the pipe mill code and The fifth
symbol is the pipe grade (Example: the marking -
zz589be).



Factors that influence drill pipe selections:

— Hole size

— Well depth

— Casing and cementing requirements
— Subsurface pressure

— Circulating pressure

— Drilling mud parameters

— Hoisting capacity

— Pipe availability (most important)

— Contract provisions

Pipe Capacity:
Refers to the amount of fluid that can be contained in a pipe
or an annulus and is generally expressed in units of volume
per length :

PipeCapacity:(%)(lD)2 [BBL/ ft]

Pipe Displacement:

Annular Capacity:(%j[(Hole Diameter )’ — (Pipe OD)Z] [BBL/ ft]

oot 135 3)l50 10 (5,li> wldes o ANNular Displacement, Capacity aasis g
:..)..5)|.>

1) drilling fluid
2) cementing
3) well control
BHA (Bottom Hole Assembly)
Heavy wall drill pipe: This serves as an intermediate weight drill
string member between the drill pipe and drill collar

Olg oos a5 bl 5l Ll ogs o Jlee! Drill Collar )b 51 el 5Ls aie o (sl a5 559 yien

9 go ooliinl Ll o b (i slo dlgd 51355 Jog COllaAr & o5 1) Jgeno 4yl
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Drill _collar: This provides weight and stability to the drill bit
andmaintain tension on the drill pipe and helps keep the hole on a
straight course.

SS9y yhd aS sl 3wl ol g0 A 0,8 S 5l (605 o> Cux @dl’i” collar 009 z,be

Al oads b puses sla Ao LI Glbl 51 S L > jeue sl gl by el 0L o dJg) )

Stabilizer: Which centralize the drill collar; help maintain the hole at

full gauge diameter and aid in direction control.
] |

Welded Blade Integral Blade Sleeve Type
. Stabilizer Stahilizer Stabilizer

Rotary reamer: which helps maintain a full gauge hole diameter.
1A g ouds iS>sS iolw 3 310 aie Jhad g )las > )0 0gh oo oolalul ol dilas Jlad yiolisl ol

o os mb s YU la Wy oS el Wyl S Sjgo 4 Il ) S e 5 o] oYL slall

I
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Sole> b lesen o a5 Bit Reamer i wijls 15 ats (gq, a5 sl 0459 FEAMET 5| cl3il
Qe o il 1ol hd il sle wilais leslaiwl b wasjle

Jar: Helps to provide sharp down ward or up ward impact to free
stuck pipe.

Cross over sub: Which join components having different types of
connections.

Vibration dampeners: Can help absorb shock loads and vibrations
that might otherwise contribute to drill string failure.

0,8 oo 1, drillstring Js cloles ) g oo 15 3la,l 1l 9,0 50 Jg ol dg) as alls yo

Shock sub: This sub is run behind the bit with a spring or rubber
cushions.

A,S‘SAJQ;).S‘\..)&ML@: .og*ua;;aoaiouw&.clggleprop@Mu65)ﬁ
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The bits drill through the rock by:

1) scraping

2) chipping

3) gauging

4) grinding
There are many variations in the design of drill bits and bit
selected. For particular application will depend on the type of
formation to be drilled.

Performance of bit is a function of several operating parameters
such as:
1) weight on bit ( WOB)
2) rotating per minute (RPM)
3) mud properties
4) hydraulic efficiency

Hydraulic drilling:

Jl A .+ Surface Facility
. T
Pump

|'IE11| AP . Pressur drop in drill pipe

5 055 o Jarite |y G5TUsT (slaflid Sl 305 soens 5o sl o S lipmy 005 amy S

Ded oo aisu, Shale shaker ;) SUl g, < janes] jLid jo a5 b
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Pump

Lenght of Circulation
Sgl ol e 59, Sld3U I Jlew joue jo HLad Sl p pin &S Conl Sl Sdgy0ue (b e
we g wile g)li g gad 03 50 g 0ad LWL Sl e 0 S S Bl A o jlad 28T
Type of bits:
1) Drag bits
2) Roller cone bits
3) Diamond bits

Jol E9 s 4o

— No longer is common used

— Used up to 1900

— Due to the dragging/scrapping action of the type of bit
high RPM

— Low WOB are applied
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Roller cone bits (or rock bits)

Most common type of bit used worldwide classified as:
1) Milled tooth bits
2) Insert tooth bits

o 5l o &lass g0 g9 y0 Jg il 0s,95 315 T (g9, g die 095 iz 5l ae sl alais S gg5 0

il oo aals ol o (6,500

The first successful roller cone bits were designed by
Hughes in 1909.The cones of the three cones bit are
mounted on bearing pins or arm journals which extend from
the bit body.

TUNGSTEN CARBIDE INSERTS
CONE

END ROLLER BEARING
BALL BEARING
ROLLER BEARIMNG
BALL PLUG

GAGE PROTECTIVE INSERTS
SHIRT TAIL PROTECTION
LEG PROTECTIVE INSERTS

BACK OF LEG WITH HARD-
SURFACING FOR PROTECTION

I— LEG

| AIR PASSAGE
AIR JET NOZZLE

I— BACKFLOW VALVE

THREADED PIN CONMECTION

The design of the roller cone bit can be described in term of 4
principle of their design:

1) Bearing assemblies

2) Cones

3) Cutting elements

4) Fluid circulation
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ipgm E98 slo A

5,10 4z LSy s g alien £65 90 o2 b dlo 95 ()
Natural diamond bits: The cutting action of a diamond is achieved
by scarping away the rock.

B9, o H a e glaaisle gl g aie b uledl jlead 105> sl alss
The major disadvantage of the diamond bit is their cost.
The advantages are:
1) Long rotating hours
2) Reduction in the number of rounds trips and offsets the
capital cost of the bit

PDC bits: (polycrystalline diamond compact) Eoas wloll

PDC bits introduced in 1980's. They are particularly successful
when run in combination with turbo drills and oil base mud.

TSD bits: (Thermal Stable Polycrystalline Compact Bits) YL sles i, ;5 pslie
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Drill string design:

Drilling string design the determination of the length, weight and grades
of drill pipes which can be used during drilling or casing or any other
application

Drill string design depends on several factors:
1) Hole size
2) Hole depth
3) Mud weight
4) Desired safety factor in tension and or margin of over pull
5) Length and weight of drill collars
6) Desired drill pipe size and inspection
7) Class
8) Type of well ( i.e. vertical well, designed well)

Following design criteria will be used to select a suitable drill string:
1) Tension

2) Collapse Glaelyo gl 19,8 g g L gl 5l ok
3) Shock loading s o) 50,5 5L b oyian plKin
4) Torsion

For vertical well:
S5y sl i S1aS sl oo 0y oyl Ay cmiligy (G9ym SO I g Cenl jg abgd IS 0 ol 5,0 gl (]

Qe o el segax b5 1, tension
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Z Z
Mud

Ldp
L

Q dc

A . A _ : A Hook load
wmud . Wa
B B

Buoyancy force:
Fluid volume displaced density

ik o hoisting Jugws e drill string oo ,5 S )l J5 sla )5 51 SO s

P = ( weight of drill pipe in mud) + ( weight of drill collar in mud)

W air # W ud W w=Wa (BF) BF=(1-pmud/ p steel)
( Ysons) p steel = 65.5 Ib/gal = 489.5 Ib/ft = 6505 pps

BF = ( 1- p mud/65.5)

Example: determine the maximum weight on the bit provided by 450 ft of
7 3/4" o.d , 144 Ib/ft drill collars for both of the following mud weight? (
assume that all the drill string compression is in the drill collars)

Wa = (1450 ft)(144 Ib/ft) =

For 9.5 ppg Wmud = W, (BF) = Wa( 1- 9.5/65.5) = 554001Ib

For 16 ppg Wmud = W, ( 1- 16/65.5) = 49000 Ib

oq



= Compression Tension

V7 Neutral point

BHT , tension cos DP a5 S Jee ol 465 @ oS o 2w drill String 1L 0

drill ahis 5 rs 048 5 0)ly o] & Ly a5 5 dhai g wisL COMPression cov

2ol DC.Dp abolss J=o x StriNg

fos.ts fall alg) o Lty b et 1, gl olys (oo iz 035 5 gl 51
API tabled the strength properties of drill pipes according to its condition
new used.

S8 1y xBly Hlade 1A dga g w5 e Lk ,o SAfEty Margine sl /) - sga sl sl Js

RS (0
Pa=P:x0.9
P, = maximum tensile design load
P. = theoretical tensile design load - API tables

Margine of overpull: Mop,
Mop =Pa—p
Qi |y Ayl ol oo a5 (5, laie MaX

The design values of Mop normally are 5000 10000
P=(dex Ldp+Wdchdc)x BF



Deviated well:

WOB = drill collar weight
ildS sl drill collar ssliwl Mol g auiS cos 0)ly 4o 40 A.C (59 5 i o9, b m

Deviated well :

» sstdrill collar je o9 (Bl ol ol o

s,lg drill string Js 4 4,5 YL 51 5 0 ls WOB

D9y Sy w ol (49,0 B ogd oo

Drill string design:

Buoyancy force - BF

P = ( WapXLap + WaeXLac)

Hook load = loadin air =

Pa = total load = drill string + traveling block
P =( total load x BF) — WOB

Margine of overall:
oSy o fall gy 1) b ayf ol o o5 (g0 o iy
P, = in table (API) = yield strength of pipe
P x 0.9 = based work
MOP =P;x09-p (1)
=Pa-p
MOP -> 50000 — 100000 Ib

R



Safety factor:
SF=Ptx0.9-= P: x 0.9
P ( WdpxLdp + WdcxLdc)xBF

S dslons [, AP Jsb Sl (o (V) 5]
Ldp = P;x 0.9 _ Wae Lgc
SFXWoxBF Wgy

Lap =Pt x0.9-MOP _ Wy Lge
dexBF de

pir )5 4 il (0 a5 Wyl Jsb Max
It refers to the maximum length of a given grade of drill pipe which can
be selected for a given loading situation.
It is used for design of a tapered string.

Example:

An exploration rig has the following grades of drill pipe to be run in a
15000 ft deep well.

Grade E/: 5/4.276 in, 19.5 Ib/ft, yield strength = 395600 Ib

Grade G: 5/4.276 in, 19.5 Ib/ft, yield strength = 553830 Ib

If the total length of drill collar + heavy drill pipe is 984 ft and 157374 Ib
respectively calculate: a) the maximum length that can be used from
each grade of drill pipe if an MOP of 50000 Ib is to be maintained for the
lower grade.

The maximum expected Mw in 15000 ft = 13.4 ppg

o2 50 )5 A Ges 0]y 5 s Ay g mdaw 4 SGoE YL ) jeglie dg) dien

BF=1-Mw =1-13.4 =0.796
65.5 65.5

1y



Lap =Pt x0.9-MOP _ Wy L4 (for lower grade pipe,grade E)
dexBF de

L4p = 395600%0.9 - 50000 - 157374 = 11646 ft
19.5%x0.796 19.5

Depth of well = 15000 ft
Length grade E pipe = 11646 ft maximum length
Length grade G pipe = 15000 — 11646 — 984 = 2370 ft

S5 b oS Joos wily oo grade G agl 5l Job opl LT aS el ol Wl (oo s a5 Jlga
Maximum length of grade G pipe:
Lap =Pt %X 0.9 -MOP - Wy Lgc
dexBF de

= 553836x 0.9 — 50000 — (157374 + (11646x19.5)) x(984 + 11646)
19.5 x 0.796 19.5

Lap = 9175 ft maximum length > used lenght
(for grade G) ok

The MOP of the heavier grade:
MOP =Ptx09-p
P = [(weight of grade G)(length of grade G)(LE) + Wy.xL4]*BF

P =2370 x 19.5 + 11646x%x 19.5 + 157374 = 342826 Ib
(grade G) (grade E) Wy XLy

MOP = 553830x% 0.9 + 342826 = 155621 Ib

1y



Mud pumps;
Duplex pump - two cylinders are double acting - pumps on both

forward and backward strokes.

Triplex pumps - three cylinders are single acting pumps that only one
forward piston strokes.

Duplex pump:

Discharge Discharge
1 1

Piston v = d diameter = V4

Linear diameter = d, dr ﬁ

Stroke length = L g
L
T T

Suction Suction

Triplex pump:
Discharge
T
dr ﬁ ‘
: .
T
Suction

DS SroKe gy S g cé, S a

Pumps characteristics:

1) HHP: hydraulic horsepower
2) Pump pressure

3) Flow rate

¢



Efficiency
Mechanical efficiency 2> E, = 100% 558 v wly o

Volumetric efficiency = E, # 100% o955 0o Wl oo

— Duplex pump:
Forward stroke = %xdf x L
Backward stroke = %x(dL2 —d? )L
1 cycle or stroke for a pump having two cylinders:
Fp = 2X%X(2dL2 _df)x Ls xEy Pomm%troke]
Fp = pump factor Bl oo SS9 S,y ,B 40 ey &S o>
&S ol

2 = of cylinders

E, = volumetric efficiency

— For triplex pump:

—_ L 2 olume
Fp 3x 1 xd “xLsxE, i/ Stroke]
Dgas dplixe |y cony (29,5 (20 Ol8 o0 S

Flow rate [Vowm%imejz Fp x [\/Olum%trokej>< lStrOk%imeJ

Hydraulic output power = HHP = Py,

Ph = Apq , Ap=psi g=gal/min P,=HP
1714
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+ Gravity Force :depending on cutting characteristics (Density,

Shape, Size)
+ Fluid Density
+ Fluid Rheology
+ Annular Velocity
+« Hole Angle
+ Cutting Slip velocity

IS 4 (St g e S sl ol,3 e s sasss (Slip velocity ) bgiw e e

Sy 5 039 ¢ lFeeSe 69y OIS A (S 00 o 3l s e ol pgate (jg 5 owaie
G g)la> sle oaus Jl 5 ol> S ils oSS e jo IS olles ol (gidle slad o S
lad po 5 cepu o le Jolse cnl Guyioge - 0500 (go0sie Jelse ay (Soy (e o
ol 6958 9 U5 0j9 sl

® Annular Velocity (Ideal Regular Annulus)

AnnularVeIocity[ fy J: Pump Output Rate (BBI/Min)
min | Annular Capacity (BBL/ ft)

® Estimation of Annular Velocity (Irregularity in Annulus)

Effective Average AnnularVeIocity[ fy : } = Depth (ft)
min | (Measured Timein Min.)— (Timeindrill Pipein Min.)
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Psi/1000 ft of depth, PCF (Ib/ft®), PPG (Ib/Gal), SG (Specific Gravity)
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— Rate of fall of particles depends on

% The density of particles and fluid

L)

» Size and shape of particles

0

*

L)

%

Viscosity of drilling fluid

L)

0

» Thixotropy (Gel Strength) of fluid: Electrochemical attraction
between colloidal particles of mud in static conditions
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There are several factors that need to be considered in selecting a
drilling fluid to ensure that subsurface geological information can be
properly transported and evaluated including:

» Salinity of fluid

» Fluid filtration/invasion

= Pressure induced fractures

» The nature of continuous phase of fluid (oil , water)

= Stability of fluid properties
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During fluid circulation, the rate of fluid flow should be regulated so
that optimum hydraulic horsepower be available to clean the face
of hole head of bit. Plastic viscosity and yield point have a
considerable influence upon hydraulic and should be monitored all
times.
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Classification of drilling fluids:

1) water based mud

2) oil based mud

3) oil in emulsion mud

4) invert emulsion mud

5) gas mud - (air or natural gas)
6) mist

7) foam

8) aerated mud
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Phases of drilling fluids:
1) continuous phase - Example: water based mud
2) discontinuous phase > Could be solid, liquid or gas (Inert or non-

inert)
H,O + Clay (Bentonite)
Continuous phase Discontinuous phase
For oil base mud, oil is the continuous phase.
/
/// Py /. _ Continuas
/.4/. // phase
7 / Ve d ®
e 0/. b4
/S oSS s
Di ti
:scgﬂa::gous /é/./,

There are important reasons for distinguishing between these phases;
Example: the main source of viscosity in a drilling fluid is the
discontinuous phase.

Filtrate comes mostly from the continuous phase.

Wall cake is formed from the discontinuous phase.

Continuous phase of drilling fluids:

In water based mud is water.

Water dissolves salts presents in water such as sodium and
calcium are also part of continuous phase.

If the concentration of sodium or calcium ions in the mud is high
enough, the hydration (swelling) of clays added to mud is inhibited.

U5 s ansd ansd ly g 098 oo D3 ol Lidy aile ol Sad 5wl a3 glS asgls Wl L S

B Oy g 2d ) LSad 4 (S adlal (golge b 1A ogie
If these salts enter the continuous phase of mud in which the clays
are already hydrated flocculation results.
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Drilling fluid additives:
Many materials used to change or modify the characteristics of the
mud are added at surface to the mud.
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v' Weight Materials
- Salt
- Bentonite
- Barite (BaS04)
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- Occurs in sedimentary igneous metamorphic
rock
- Color: From white to light gray, red or brown
- S.G. =4.3-4.6 (Most Commonly 4.5)
- Insoluble in water and has no reaction with mud
components
Iron Oxide (Fe203)
- Hematite , Mud Weight =20 PPG
Iron Carbonate
- Siderate , Mud Weight = 19 PPG
Limestone
Galena (PbS)

v" Viscosifiers : To thicken mud for removing drilling cuttings
- Bentonite (Clay)
- Natural and Synthetic Polymers and Starches (e.qg. XC
Polymer)
- Carboxy methyl seluloz (CMC)
The viscosity of the drilling fluid may be defined as its resistance to

flow.
Viscosity depends on:
1) mud density
2) hole size
3) drilling rate (rate of penetration)
4) pressure requirements
5) pump rate
6) hole conditions

v Apparent Viscosity is a function of
% Viscosity of the base fluid (Continuous Phase)
! Size, shape and number of solid particles
' |nter-particles force (Yield Point)

AY



v Major mud viscosity building agents
m Clays (Bentonite)
' Organic Polymers
® Qil-wetting clays in oil-base mud

v Reduction in Mud Viscosity
& Dilution
® Mechanical Means (Shale Shaker)
5 Neutralization of attractive inter-particle forces by addition of
chemical thinner

v' Filtration Control Materials
- Bentonite (Clay)
- Natural and Synthetic Polymers
- Starches

- Thinner or deflocculant

v Rhology control Materials
- Thinner
- Dispersants
- Deflocculants

v" Alkalinity and PH Materials

v" Lost Circulation Materials

- Fibrous materials

- Flake materials

- Granular materials

- Blends of above materials

AA



v’ Surfactants (Surface Active Agents)
Used as Demolsifiers, Wetting agents, foamers and to decrease clay
hydration
- Drilling Mud Surfactant (DMS)
- Drilling Mud Emolsifier (DME)
v' Lost Circulation Materials
v Hydrogen Sulfide Scavengers

S i 1 HaS a5 05 (oo solge 13 05 oo by (59,55 Sl ouds oS 5 IS L HRS

v' Oxygen Scavengers
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The selection of drilling fluids to be used on a particular well is
based on factors such as:
— Formation characteristics and compositions (P, Kk,
pore size)
— Temperatures
S L ) 093 a5 5 oS 5 Lo Olss Jlie o 2L S
— Anticipated drilling hazards:

— Quality and source of water
— Chemical compounds added to the mud
— Required treatment concentrations
— Adequate supplies of the required product
g0 dlge 3l aigs colaiwl
— Maintain the selected mud
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v' Rate of Penetration Depends on
® Mud properties
m Weight on Bit
m Rotary Speed
m Hydraulic
W Bit size and type
® Bit tooth wear

After bit selection for a formation and characterization of required mud,
affecting parameters limit to RPM and WOB that controlled from
surface to control drilling rate
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v' Mud Weight
® Controlling pressure

® Measured by Mud Balance
m Reported in ppg , pcf
P mud = 0.052 x Mw x TVD

v Funnel Viscosity
m |s used only as an indicator of change in mud properties
@ Measured by Marsh Funnel
- ©6” diameter @top , 12" long, joint a tube 2” long with ID
of 3/16 inch
- Funnel volume is 1500 cc

® One quart of fresh water @ 70 °F
flows through the funnel in 26 Sec

m Reported in

- Seconds per quart in X °F
- seconds per 1000 cc in X °F

1)




v’ Plastic Viscosity & Yield Point or Gel Strenght
m |deal Fluid (u=0)
® Real Fluid (u#0)
- Newtonian Fluids
- Non-Newtonian Fluids

+ Newton’s law of viscosity

Shear # d U

Stress]| = Aeeeseeeee E ’Z':_ILI

Shear Rate

+ Non — Newtonian fluids
® Bingham Fluids T=1, £ 1 d—U
® Power-law Model dy
r=K@) =K@y =nry
Where gz, = K(y)"™
T = shear stress

] = shear rate
k = consistency number and may in
special cases equal to p (dynamic

viscosity)
n = flow behavior index, real number

< n=1 0 Newtonian Moel
< n<1 ¢ Pseudo-Plastic Fluid
< n>1 ¢ Dilutant Fluid
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Shear |
Stress

Shear Rate

v' Plastic Viscosity & Yield Point or Gel Strength
m Rotational Viscometer (VG Meter)

- 10 Minutes Gel Strength (3 RPM)

- 10 Seconds Gel Strength (3 RPM)

ez b Somie 59l ogh oy 093 b 4 T Gl Soe e (89 IS

=

D05 5oy
Y, = gel strength = Ibf/100ft? = stress

Gel strength is obtained by noting the maximum dial defection
when the rotational viscometer is turned at a low rotor speed
(usually 3rpm)

10 minutes gel strength:

b 200 plis 1) ool dlati ayyiie U ol (o0 oo aBBO)* g i) (oo egSumy (90 1) S5
Cdl 5l esilss (o 1) (el abai sos (oo plnil i S aybe 0SS 0 GRSz 4 g9l 3rpm)3°

oS (50 oS Al

10 seconds gel strength:
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= Bingham Fluids
Plastic Viscosity = s, =6, — 6y |CP]

Yield Point =7, =0, — 4 [Ibf 100 ftz}

m Power-law Model

6
K = 2300
(511)"

n=3.32x Log(%j

300

'® Rotational Viscometer (VG Meter) is also used to measure
apparent viscosity
The dimension of the tube and rotor are chosen so that the
dial reading is equal to apparent newtonian's viscosity in cp
at a rotor speed of 300 rpm.

ApparentVis cosity = z, = [cP]

3006,
N

log log paper <, 49 N wﬁbe e J oS oo dnwlos |y Mg g ools JI3 Jae 3 0

To determine Type of Fluid, Plot Apparent Viscosity Vs. RPM

M [':P ] \ Sher

Shear Rate (RIML) Shear Rste =N

Log-Log to evaluate
Viscosity. Knowing
RPM

Fluid Type
Determination

q¢



Non-Newtonian fluids under unsteady state conditions:
+ Thixotropic fluids (na | with time after shear rate is
increased to a new constant value) (drilling mud, paints)
+ Rheopetic fluids (na 1 with time after shear rate is
increased to a new constant value)( greases, gypsum
suspension)
+ Viscoelastic fluids (drilling fluids, long chain polymers)

v P

o METER -
(Preferred Method)

e STRIPS -
(General Range)

v' Sand Content
Sand particles larger than 74 ym (200 Mesh Size) are
classified as APl Sand.
Sand content set consists of a 200 mesh size, a funnel and a
glass measuring tube calibrated from 0 to 20 % directly read
by sand volume
Determination of sand content of drilling fluid is necessary
because these particles can be highly abrasive and can
cause excessive wear on pump parts, drill bit and pipe
connections.
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v" Conducting the standard API filtration test:

APl FILTER PRESS

CC'S OF FILTRATE
COLLECTED: ( )

@
e 100 psi

e 30 MINUTES

e 7.5in? # 50 Whatman
Paper
o Ambient Temperature

a1
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Report the cake thickness to the the nearest 1/32. The importance of
fluid cake quality can not be overstated a firm, thin, cake is flexible).
Mud cake conditions are soft, firm, brittle and flexible

FLUID LOSS * API - HTHP

e This is one of several types of
units. Good For 300°F on a
regular basis.

e For higher temperatures a
different type unit must be used,
and higher pressures (top and
bottom) should be used.
(Differential pressure should still
be 500 psi)

v



FLUID LOSS * API - HTHP
e CC’s of FILTRATE collected X 2 ( )

¢ 30 minutes
o 300°F
o 3.75 sq. in. #50 Whatman paper '
o 500 psi - Differential Pressure ?:'L"EI
L ;‘
. =4
3
Intro to Drilling Fluids = = i~

v" Qil, water, solids content determination:
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Heat " Mud

Source
- Distillation process

- Condensation

- Qil
. Water
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Solids:

+ Precipitated solids

+ Suspended solids*

+ Dissolved solids*

*= important for drilling engineering

Solids

4 organic

+ inorganic

Total solids = total dissolved solids + total suspended solids
(Organic + inorganic)

(suspended slae ssl> o3 Wil odds g ik (g9, p a5 Sloel> lade gl ks 51 e
Aiws dissolved solids sius o jgee aitwgn 5B L LS 5l a8 6 lais ¢ s SOIlIAS)

Wz _Wl [gr]

Suspended Particles=
Mud SampleVolume|cc]

W1 = dry weight of filter before filtration of the mud, gr
W2 = dry weight of filter after filtration of the mud ,gr

ppm; gr/cc - T O PR CC T I LS PR PG

Sl 8,90 5 v

o SB @ 5 055m oo I G5 il 0555 1950 Seaalpr B9, 50 1) oud laz 3lae S5 S
Il e g I Glae Do vops oS o ) oS ST ol o b a4 Game Slge g 058 oo

750 C

QQM% . Fuman

19



5 i Sl iz 1 Byl 0 1005 jee S Sl el pld cls o «s filtration fluid Sl

R T R R B LN SLEBUCRIT IS
o S a5 955m o0 T G5 teniliss (0 0055 00950 |y Sl B951 50 oaile b & Sl
Il e 9 Il Jelome Do a0 w8 o 1) oS 51 ol oo b 4 Gome Slge g 04 oo

v Methylene Blue Capacity (MBC) Test
- Determines amount of CEC of reactive clays in mud
- Measures the ability of clay to absorb cation from solution
- The Methylene blue is absorbed by clays
- Reported in CC of MB per CC of mud

gl o0 oolaiwl J5 coligin 5,5 o3lul 51y u:;%l.oﬂ o)

Methylene blue capacity = CC MB

CC mud
Lb/bbl Bentonite [Amount of clay in the mud]=5%(Methylene blue
capacity)

Mud Treatment
v Solid Removal
m Settling
- Size, shape and density of particles
- Time available for retention
% Dilution ( By adding water to decrease solid concentration)
'® Mechanical Separation
- Vibrating/Screening device - Shale Shaker (>150 p)
- Centrifugal Forece:
1. Mud clear (desilter + high speed shaking) (> 75

M)




2. Desander ( 50-70 p)
3. Desilter (<50 )
4. Centrifuge ( 2-5 p)
® Chemical Treatment
- Chemical additive is used to “Floc” mud by aggregation and
settling of solids
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Cementing:

Cement manufacture with materials and methods have changed little
over the last 160 years.

Joseph Aspdin builder from leads, Uk was granted a pattern in 1924 for
a cement of superior quality resembling Portland stone.— Portland
cement
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Portland cement:
Mixed at T= 1425 - 1535 “c:
1) Calcareous materials (limestone, chalk, seashells, etc)
2) Alominosilicates (clays)
The resulting material which is called clinker is then cooled and ground
with gypsum to form Portland cement.



Portland cement components:
v" 50% Tri-Calcium Silicate (3Ca0,SiO, - C5S)
v' 25% Di-Calcium Silicate (2Ca0,SiO, - C,S)
v" 10% Tri-Calcium Aluminate Ferrite (3Ca0O, Al,O3 - C3A)
v" 10% Tetra-Calcium Aluminate (4Ca0O, Al,O3;, Fe,03 - C4AF)
v" 5% Other Oxides

+ C3S: has great effects on the overall strength of cement.
+ C,S: slow reacting — gradual gain on strength

S dz 52 WS e s |) ad Sas izmes 5 1) Ol Qde e om0 b S
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+ C3A: faster rate of hydration

+ C,4AF: low heat of hydration in cement.
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Particularly useful cement tests are:
+ Thickening time test
+ Fluid loss test

Wind (o a1y 055 D58 o S slanign O 5905 izmas 9 09
+ Slurry density:
+ Wait on cement: — minimum strength of cement for drilling
operation
(WOC): it is the time that the cement strength becomes equal to 500

psi.

Dloss sl 431351

Almost all cement used in oil and gas well is Portland cement however
neat cement is seldom used through a job since various additives are
necessary to modify the properties of either slurry or neat cement.
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Properties that are modified by additives:

'® Thickening Time (Acceleration-Retardation)
ey 100 CP & low 395y b asS o Jsb 457 Sloj

' Density (Extenders, Weight Increase-Reduction)

® Fluid Loss by Filtrate

' Viscosity

m | ost Circulation Resistance

Cementing Equipments

® Float shoe
® Float collar
5/ Centralizers
'  Scratchers
® Casing cementing plugs

®m Casing cementing head

Successful Cementation

' Good slurry design

' Adequate and timely testing slurry
ul Proper blending of cement and additives

m The use of centralizers and Scratchers



i Casing running procedures
®m Reciprocate or rotate of the casing string
®l Proper drilling fluid properties

B Adequate displacement rate

Hinged Wire Scratchers Hinged Reciprocating Finger Scratchers

Py
—

24-Tooth Non-Rotating Five-Wiper Bottom Plugs

24-Tooth Non-Rotating Five-Wiper Top Plugs



Single Plug Cement Head Double Plug Cement Head

Hydraulic Launcher
Inlet Flange

Casing Adapter
Plug Basket
Plugs

Hydraulic Hoses

Hydraulic Power Pack




End spacer/wash, stop pumps
Open middle valve, release bottom plug
Close bottom valve

Resume pumping cement slurry

End cement slurry, stop pumps,
open top valve, release top plug,
close middle valve

Resume pumping with
displacement fluid. Open
all valves 40-50 bbis into
displacement




Under-balanced Drilling (UBD)
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I:)res>|:)hp+ I:)pump = AI:)Friction

Underbalanced Drilling

k

Under-
pressure

\

Qver-
pressure

Reservoir
formation

Drilling Fluid
Returns to Closed
Circulation system.
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